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ABSTRACT 

Basic information on petroleum is presented in this 
book prepared for naval logistics officers. Petroleum in national 
defense is discussed in connection with consumption statistics, 
productive capacity, world's resources, and steps in logistics. 
Chemical and geological analyses are made in efforts to familiarize 
methods of refining, measiiring, sampling, and testing petroleum 
products. Military specifications are described with a background of 
property requirements of kerosene, lubricating oils and greases, 
aviation and automotive gasolirSs^ and jet, diesel, and burner fuels. 
In quality surveillance, deterioration, contamination, and 
reclamation aspects are presented in relation to bulk storage 
facilities; and in safety precautions, hazards, fire, and explosion 
are mentioned in relation to pipelines, tank cars, tank barges, tank 
trucks, and, especially tanker operations. Also included are 
operational procedures at fuel depots. Illustrations for explanation 
purposes, a glossary of general terms, and a reference list of 
publications are included. (CC) 
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PREFACE 



During World War II, petroleum furnished the fuels, lubricantSi and 
many other essential products needed for the large quantities of mecha- 
nized equipment utilized by the Armed Forces in carrying out the war 
effort. It is assumed that petroleum will continue to perform the same 
functions in any conflict in the foreseeable future. 

The role of the petroleum logistics officer in getting petroleum sup- 
plies to the military forces at the right time and place, and in the proper 
amounts, is frequently emphasized. However, the matter of ensuring the 
essential qualities of these products on arrival at destination, thou^ii of 
equal importance, is too often overlooked by those unaware of probable 
consequences. Therefore, Fundamentals of Petroleum has been prepared 
to provide petroleum logistics officers with sufficient technical background 
to enable them to understand some of the problems they will encoxmter in 
handling this product. 

Although designed specifically for petroleum logistics officers, Funda- 
mentals of Petroleum should also be useful tothe technical officers having 
highly specialized knowledge In only one aspect of petroleum; to officers 
in various billet8-**such as MSTS and Service Force billeta-where some 
knowledge of petroleum is highly desirable; to Line officers of the Regu- 
lar Navy; and to officers of the Naval Reserve who wish to further their 
professional training. This book will also serve as a review for personnel 
who at the present time are intimately concerned with petroleum. Although 
prepared specifically for naval officers. Fundamentals of Petroleum should 
be helpful to officers of the Army and of the Air Force because petroleum 
is handled Jointly in all major arer^ri. 

Whereas this book provides general background information for per- 
sonnel concerned wit|i petroleum either directly or Indirectly, it is not in- 
tended as a compr^ensive text for the training of petroleimi experts. (The 
training of petroleum cacperts qualified for technical billets requires lo ng 
periods of fornua schooling and extensive experience. J Moreover > i? unda- 
mentalg of Petrcfleum does not supplement nor supersede the official 
operational manuals promulgated by cognizant authorities. 

Fu ndamentals of Petroleum was originally prepared by the U. S. Navy 
Training Publications Center for the Bureau of Naval Periionnel in 1953. 
It has been revised Ibr the Bureau of Naval Personnel as a Joint project of 
the Education and Training Support Services and the Navy Fuel Supply 
Office. The revised publication contains some material from Petroleum 
Logistics , NavPers 10892, which is 6bsolete and will no longer be pub- 
lished. In addition, the Defense Fuel Supply Center provided assistance in 
the preparation of chapter 2, ^'Petroleum Resources^', and MSTS in the 
preparation of chapter 12, ' 'Transportation of Petroleum Products' \ and 
chapter 13 ^'Tanker Operation8'\ 




fecial gratitude Is expressed for the help of the American Petroleum 
Institute which has provided valuable advice and assistance, and has most 
generoudy supplied Information and permission to use copyrighted ma- 
terials as noted elsewhere. 
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THE UNITED STATES NAVY 



GUARDIAN OF OUR COUNTRY 



The United States Navy is responsible for nnaintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to mn m w)kr. 

It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 



Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect >. 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. . 

Service to God and Country is our special privilege. We serve with honor 



The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong beHef in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 



WE SERVE WITH HONOR 



THE FUTURE OF THE NAVY 




CHAPTER 1 



PETROLEUM IN NATIONAL DEFENSE 



On 19 January 1948, James Forrestal, then 
Secretary of Defense, made the following state- 
ment before the Special Subcommittee on Pe- 
troleum of the Armed Services Committee of 
the House of Representatives: 

There >vas a time when the major item 
of supply to a fighting force v£:as food, as 
Napoleon graphically pointed out when he said 
that an army marches on its stomach. In 
World War n, however, the volume of liquid 
fuel shipped overseas was nearly 16 times that 
of food. Petroleum and petroleum products 
amounted to over 60 percent of the overseas 
military shipments.'' * 

It is estimated that in the later months of 
1951, petroleum comprised as much as 62 
percent of the total tonnage required for the 
support of the United Nations forces in Korea. 

The tremendous emphasis on petroleum 
shipments indicates the importance of petro- 
leum as a war material. A modem Navy, 
Army, Air Force, or Merchant Marine is 
largely dependent in its operation on the oil- 
burning engine, whether it be steam or in- 
ternal combustion. Vast quantities of special 
petroleum products are required, not oiUy for 
fuel, but for lubricating engines and other equip- 
ment. In addition, modem warfare requires 
many other petroleum products. For example, 
ordnance equipment must have oil for hydraulic 
recoil equipment and power drives; petroleum 
Jellies are required for firebombs, and gasoline 
for flame throwers; petroleum greases, oils, 
and waxes for protecting equipment; kerosine^ 
for lighting and heating; and petroleum com- 
poimds for sanitation and medicine. 



^ Throu^out this book, kerosine is spelled 
with an i^ in accordance with the preference of 
technicaT societies in order to indicate its 
source, i^^ich, like that of gasoline, is the 
light distillates from crude petroleum. 



Petroleum, besides providing thoseproducts 
usually associated with its name, produces the 
bulk of the supply of toluene (basic component 
of TNT) and, furthermore, is one of the prin- 
cipal sources of butadiene and other compo- 
nents of synthetic rubber. Both toluene and 
synthetic rubber were critical items during 
World War II, and may reasonably be expected 
to have the same importance in any war in the 
forseeable future. 



PETROLEUM AND STRATEGY 

Because petroleum is an indispensable com- 
ponent of modern warfare, strategies are fash- 
ioned accordingly. Military experts are of the 
opinion that in World War II the Germans 
entered Roiunania and southeastern Europe to 
obtain the oil required for their war machine, 
and may have attacked Russia to get more oil. 
Japan, short of oil supplies, directed her initial 
attacks to obtain, among other vital commodi- 
ties, the rich oil fields of the East Indies. 

Allied strategy sought to deprive both ad- 
versaries of petrcAeum supplies as quickly as 
possible. Fuel depots and refineries were 
primary bomber targets; tankers were targets 
of choice for our submarines. Likewise, the 
German submarines concentrated on our tankers 
in the battle of the Atlantic, creating a pre- 
carious situation in ihe early days of World 
War n. 

Important as oil is to the military forces 
of our country, it is no less important to our 
civilian economy. One of the critical problems 
in emergency is to calculate the balance be- 
tween military requirements and essential ci- 
vilian needs, as it is clear that the continued 
prosecution of a long war depends, in the last 
analysis, on a sound civilian economy. Modem 
warfare is not only military mobilization; it is 
total mobilization. Accordingly, petroleum's 
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part in militai y logistics will be ?f;een in better 
perspective after a discussion of the place of 
petroleum in our national economy. 



TRENDS IN U. S. CONSUMPTION 

Since the first oil well was drilled in 1859, 
petroleum has become increasingly important^ 
first as a source of light, later as a source 
of power and heat. Figure Ul shov/s the trend 
in the use of petroleum as a source of energy 
in the United States from 1900 to 1960. 

It will be noted that at the outsqt of World 
War I, oil was relatively imimportant. How« 
ever, the construction of oil-burning ships 
brought about a rapid change in this picture. 
At the beginning of the war, the U.S. Navy had 
only two battleships using ftiel oil exclusively, 
but in 1918 alone, in its emergency shipbuild* 
ing program, 811 oil-burning ships, including 



TRILLION 
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submarine chasers, submarines, destroyers, 
and larger types were constructed. 

By 1932, Navy ships were 100 percent oU- 
burning. The consequent growth In iliel oil 
consumption is shown in table 1-1. As indi- 
cated in table 1-1, no distinction was made 
between heavy fuel oil and the lighter grades 
suitable for use In diesel engines until 1924. 

Prior to World War II, submarines were 
the major type of Navy craft using diesel oil 
as a fuel. During and subsequent to that war, 
however, the types of Navy vessels utilizing 
diesel fuel have been extended to include des* 
troyer escorts, ammunition ships, cargo shUps^ 
mine-sweepers, gasoline tankers, coastal trans- 
ports, salvage vessels, tugs, patrol craft, and 
landing craft of all types. 

Commencing in 1953, the U.S. Navy sdded a 
number of nuclear-powered sr^^marines and a 
few large nuclear-powered shipa to the Fleet. 
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Fi^re 1-1.— U.S. energy sources from 1900 to 1960. 
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It can be anticipated that additional nuclear- 
powered vessels will be added to the Fleet in 
the future; however, it is expected that oil- 
burning ships will comprise the major portion 
of the Fleet for many years to come. 

About 96 percent of the world's merchant 
fleet was coalbuming prior to World War L 
However, that war gave impetus to the con* 
struction of oil-burning merchant ships be- 
cause they were found to have maximum cargo 
space, quick turn-around, and greater speed. 
This trend, set by the merchant shipbuilding 
program of World War I, continued until, by 
1948, three fourths of the world's merchant 
ships depended upon oil. 



Table 1-1. —Navy Fuel Oil Consumption, 
Afihore and Afloat, 1916-1964 



Year 


Fuel OU 
(Bis. of 42 
U.S. gals.) 




1916. . . 
1920. . . 


1,100,000 
5,800,000 


^Includes diesel oil 


1925. . . 


7,000,000 




1930. . . 


6,300,000 




1935. . . 


8,000,000 




1940. . . 


11,000,000 




1945. . . 


154,800,000 




1950. . . 


23,000,000 




1955. . . 


37,000,000 




1960. . .j 


32,100,000 




1964. . . 


37,000,000 





ConsumpUon of petroleum products In- 
creased rapidly after World War I as tiie 
country became more and more merchanized. 
Between 1918 and 1940, the nuniber of automo- 
biles in use in the United States increased 
trom about 5 1/2 million to about 27 1/2 mil- 
lion. Similarly, ttie mmiber of planes, motor 
trucks, tractors, buses, and equipment such as 



bulldozers and cranes increased. Oil-burning 
equipment was installed on railroads and in 
manufacturing plants, farms, ^nd homes. The 
U.S. domestic demand for all liquid petroleum 
products between 1920 and 1960 is shown in 
figure 1-2. 

A comparison of the relative volumes of 
major petroleiun products consumed in the 
United States from 1900 through 1949 shown 
in figure 1-3 reveals the foct that, by 1930, 
gasoline had become the major petroleum pro- 
duct. 

The period from 1929 to i960 has shown an 
upward trend in the demand for all petroleum 
products. There was little change in the rela- 
tive amount of increase, even during the period 
1941-1947. 

U. S. PRODUCTIVE CAPACITY 

The detaUed analysis of the abUity of the 
United States to meet increasing petroleum de- 
mands or to substitute other sources of energy 
for petroleum is beyond the scope of this book. 
However, a brief consideration of these factors 
is pertinent. 

The need for maintaining petroleum reserves 
in the interest of national security has been 
widely recognized in both State and Federal 
govermnents. In many cases. States have en- 
acted oil conservation laws to prevent the waste 
of reserves by careless drilling and exploita- 
tion. The Federal Government has established 
naval petroleum reserves in Ciilifomia and in 
Alaska, in addition, the Navy has oil dhale re- 
serves in Colorado and Utah. At present the 
production of oil from shale cannot compete 
commercially with production from petroleum. 
Similarly, sjmtheUc liquid fuels prepared from 
coal and other sources are not being produced 
commercially because of the cost, although 
constant research is being carried on in this 
field. The Navy is using nuclear energy to 
propel submarines and certain few surface ships; 
however, it is doubtful that nuclear energy will 
replace petroleum in the inomediate future. 
Only in very specialized and isolated instances 
has nuclear energy been able to compete eco* 
nomically with petroleum. An example is in the 
Antarctic, where a nuclear power plant can 
be operated more readily than a conventional 
power plant using petroleum because of the 
difficulty of resupply of petroleum fuels. There- 
fore, natural p^roleum remains vital to our 
economy and to our national security. 
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MiUUONS OF BARRELS (42 GALS) 
PER DAY 




1920 1925 1930 1935 1940 1945 1950 1955 i960 



Figure 1-2.— U. S. domestic demand of all liquid petroleum products, 1920-1960. 
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lu 1941, the United States produced 4,000,000 
barrels per day of crude oU, and 'ccordlngto 
estimates, had a domestic production capacity of 
5,000,000 barrels a day. This provided a 25 
perceut cudiion for emergency expansion be- 
tween actual production and the ntnytwiMtn effi- 
cient rate of production. In 1951, the United 
States produced anaverageof 6,150,000barrels/ 
day and had a productive capacity of 6,750,000 
barrels a day. Including crude oil and conden- 
sate. This was a cushion of 600,000 barrels 
a day, or less than 10 percent as compared 
wifli 25 percent in 1941. 

However, in 1963, the United States produced 
8,641,000 barrels of liquid hydrocarbons per day 
and according to estimates for the same year 
tbe United States had a productive capacity of 
11,500,000 barrels per day. This Is a cushion 



in productive capacity of 2,859,000 barrels a 
day or 33 percent. Thus It Is apparent that 
the United States had Increased Its cushion for 
production In case of emergency by a con- 
siderable amount, and at the same time has 
increased Its yearly usage of petroleum prod- 
ucts. 

U. S. Refining Capacity 

. The actual supply of petroleum products de- 
pends not only on productive capacity, but also 
on the capacity of the refineries. At tbe end 
of 1963, total refinery capacity in the U. S. 
was 10,300,000 barrels per day, with actual 
crude runs averaging 8,687,000 barrels per day, 
giving aii excess of 1,613,000 barrels par day, 
or 15.8 percent. 
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SM GASOLINE ^ FUEL OIL DISTILLATE 



^ KEROSINE nZIl FUEL OIL RESIDUAL 




132.4 

Figure 1-3.— Comparison of Relative Volumes of BSajor Petroleum Products Consumed in the 

United States, 1900-1960. 



RELATIONSHIP OF BOUTARY TO 
CIVILIAN CONSUMPTION 

It is clear ttiat, in times of emergency, 
military requirements are high in priority. 
However, military successes depend largely 
on industrial production on the home front 
Not a wheel in industry can turn without lubri* 
cation. Essential automotive transportation, 



air transportation, many railroads, and many 
components of industry are totally dependent 
upon petroleum for power. Heat, electricity, 
and gas, necessary to the health and essential 
needs of civilian war workers, depend, directly 
or indirectly, upon petroleum. During total 
war, civilian needs are inseparable parts of 
the total war effort. Therefore, wartime pe- 
troleum allocation must be based on the fkct 
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that there is only one available supply of pe- 
troleum, and that supply must be shared be- 
tween military and civilian demands. 

The total volume of petroleum products re» 
quired by the military in peacetime is but a 
small fraction of the total demand. Just before 
the outbreak of hostilities in Korea, military 
requirements were only 4.9 percent of the total 
demand. At the end of Fiscal Year 1964, the 
military requirement amounted to 5.3 percent 
of the total U. S. production. This excludes 
all imports used within the United States by 
the military. However, military requirements in 
World War n amounted to 21 percent of total 
U. S. production. 

MIUTARY CONSUMPTION OF PETROLEUM 
PRODUCTS 

To provide petroleum products in sufficient 
quantity to win World War n, almost seven 
billion barrels of oil had to be produced be-* 
tween December 1941 and August 1945. Nearly 
six billion barrels of this total cstme from the 
United States. This is one-fifth of all the oil 
that had been produced in this country since 
the birth of the industry in 1859. 

During World War I, fewer than 200,000 
barrels of oil products were supplied daily to 
the AUied Forces. At the height of the World 
War n effort in 1944*45, over 1 million barrels 
of petroleum products were ddivered daily to 
the United States Armed Forces alone, as com- 
pared to a requirement of 780,000 barrels per 
day in 1964. During World War I, the air forces 
burned less than 3,700 barrels of aviationgaso- 
line a day during the last 6 mcmths of 1918. 
In World War n, one B-29 could consume as 
much as 10,000 gallons (approximately 238 
barrels) in one long mission. Military gasoline 
consumption at the peak of World War n was 
100 times that consumed by our overseas forces 
at the peak of World War I. During World War 
n, the American Army and Navy had 600 times 
as many motor vehicles as the American Ex- 
petitionary Forces had in Europe in 1918; the 
Navy and Merchant Bfarine had more ships and 
more tonnage than the combined merchant fleets 
of the world had after the first war. The Army 
and Navy operated 1,250 percent more planes 
before V-E Day than they did before Pearl 
Harbor. This was American armament alone; 
the planes, vehicles, and ships of our allies 
likewise multiplied in nuniber and consumed pro- 
portionately huge quantities of oil products. 



TYPES OF MIUTARY 
PETROLEUM PRODUCTS 

Modern warfare requires not only tremen- 
dous quantities, but a great variety of petroleum 
products. In World War II, more than 500 dif- 
ferent petroleum products were regularly used 
by the Armed Forces. As military equipment 
has become more complex and specialized, 
specialized petroleum products have had to be 
developed for adequate performance. Then, too, 
modem war requires that equipment be used 
in climatic conditions ranging from the Arctic 
to the tropics, necessitating further adaptation 
of petroleum products for military use. 

Although ftiels and lubricants constitute the 
greatest biilk of military petroleum products, 
many others are indispensable. The major 
military petroleum products are grouped tmder 
seven headings for purposes of discussion: (1) 
liquid fuels, (2) liibricating oils, (3) gear lubri- 
cants, (4) greases, (5) corrosion preventives, 
(6) hydraulic fluids, and (8) miscell?*"eous prod- 
ucts. 



Liquid Fuels 

Liquid fuels include: Automotive and avia- 
tion gasolines, jet fuels, kerosine, and fuel 
oils. 

Automotive gasolines include military auto- 
motive combat and commercial gasolines. Com* 
bat Type I is for general all-purpose use and 
Type n, a special low temperature all-purpose 
gasoline, is for use in climates wheretempera- 
tures are consistently below 32^ F. It con- 
tains metal deactivators and oxidation inhibitors 
to improve long-term storage characteristics. 
Regular and Premium grades of conunercial 
gasolines differ mainly in octaine number. Each 
grade is divided into three volatility classes 
to provide for local and seasonal climatic con- 
ditions. 

Aviation gasolines include four grades of 
reciprocating engine fuels 80/87,91/96, 100/130 
and 115/145. Each grade is dyed a distinctive 
color. The Bfilitary Services have standardized 
on Grade 115/145, although some use is being 
made of the lower grades for small fixed- wing 
aircraft and some reciprocating engine heli- 
copters and trainers. 

Jet ftiels include two grades, JP-4, a wide 
cut gasoline type and JP-5, a high flash point, 
kerosine type. 
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Keroslne for use in wick*-fed lamps, stoves, 
and heaters. 

Fuel oils Include military and commercial 
grades of diesel fuels; burner fuel oils for 
vaporizing pot type burners and domestic heat- 
ing; residual ftiel oils. Military (Navy Special 
Fuel Oil) for steam powered naval vessels; and 
commercial for shore power plants* 

Lubricating Oils 

The varieties of lubricating oils are too 
numerous to list. Therefore, only a few exam- 
ples are cited under three headings: 

Automotive engine oils , iK^ich are used for 
lubricating internsa combustion en^^ines. 

Aircraft lubricating oils , includhig aircraft 
instrument lubricating oils for the lUbricatiou 
of aircraft instruments and electronic equip- 
ment; general purpose low^temperatuj^e lubri- 
cating oil; general pu rpose low-temperature lu- 
bricating oil for hCsUcppter gear boxes and 
constant speed alternators. 

Other lubricating oils , s»ich as those for 
lubricating diesel engines; compounded lubri- 
cating oils for applications generally involv- 
ing moisture or worm gears or wick feeds; 
clock and watch lubricants; oils for the lubri- 
cation of journal bearingsof railway cars, steam 
and electric locomotives, and railway gun car- 
riages; light lubricating oils for typewriters, 
i3i ^ng machines, and some shock absorbers; 
oili. br lubricating reciprocating type refrig« 
erant compressors; steam cylinder oils; and 
turbine oils. 

Gear Lubricants 

Gear Lubricants include those used for the 
lubrication of exposed gears, chains, and wire 
rope, and tiiose for the lubrication of automo- 
tive gears, including faypoid type differentials 
and steering gears. 

Greases 

Greases include automotive and artillery 
grease for lubricating vehicle chassis, wheel 
bearings, and similar purposes; high tempera- 
ture lubricating grease for ball bearings in 
searchli^ equipment; water pump grease; 
rifle lubricating grease; ball and roller bear- 
ing grease; gasoline-and-oil-resistant grease; 
various types of grease for the lubrication of 
aircraft and associated equipment; grease for 



lubricating plug-type scrupper valves; and 
breechblock grease. 

Corrosion Preventives and Preservatives 

Various types of petroleimi compounds are 
used for the protection of critical surfaces in 
long-term storage; for displacing water from 
instnmients and equipment; and for protection 
against high humidity and moisture condensa- 
tion. 

Hydraulic Fluids 

Hydraulic fluids oil various types are used 
in hydraulic brake systems, gun turrets, ele- 
vating mechanisms, md fork lift trucks. 

Miscellaneous Products 

The following are a few examples of pe- 
troleum products included in the miscellaneous 
group: 

Paraffin waxes and petrolatums used in pack- 
aging and sealing rations, for dipping muni- 
tions to prevent rusit and corrosion, and for 
similar uses. 

Cutting oils are cf various types. A fktty- 
oil-blend cutting oil (a mixture of mineral oils 
and lard oil) is used as a lubricant and cooling 
medium for machine cutting operatims where a 
soluble oil is not suitable. A soluble cutting 
oil (a mineral oil vshitti forms stable emul- 
sions with water) is used as a lubricant and 
cooling medium in maoAiine tool cutting and pipe 
threading operations and is also included in 
compound antifreeze ivater solution for flush- 
ing cooling systems preparatory to storage of 
equipment. 

Solvents ^ some of which are usea as paint 
thinners and for cleaning metal surfaces and 
bearings; and others ^ich are used for dry 
cleaning clothes. 

Insulating oils , some of which are used as 
the insulating and cooling medium for oil- 
immersed transformers, switches, circuit- 
breakers, and the like; and others vMch are 
used for X^ray high tension transformers. 

Tail-packing compounds for torpedoes. 

Asphalt, used for airstrips and for roofing. 

Medicinal products, such as mineral oils; 
petrolatum jelly; anesmetics made from cyclo- 
prq^mne (an oU derivative); rUbblng alcohol; 
and drugs containing alkyl chloride (a petro- 
leum derivative) to retard bleeding. 
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Fungicides and Insecticides, which are pe- 
troleum products to which chemicals have been 
added for killing qualities. 



PETROLEUM LOGISTICS 

Prior to World War II, logistic require- 
ments of the Armed Forces were relatively 
small and were filled with comparatively little 
effort. For this reason, the tremendous logistic 
effort required for long, sustained campaigns 
was not visualized and vez7 little provision was 
made for logistic organization or for the train- 
ing of personnel in l0(^stic skills. World War 
11 highlighted this omission. The operational 
aspects of logistics proved to be an essential 
consideration in all phases of the war, even to 
the determination of strategy. Consequently, 
the word logistics bcKsame a familiar part of 
the vocabulary of the high commands. In ele- 
mental terms, logistics is the science of sup- 
plying what is needed, where it is needed, when 
it is needed. 

Military petroleum requirements fall into one 
of two general categories : (1 ) prbbable wartime 
requirements and (2) current requirements. 
Probable wartime requirements are those nec- 
essary to support war plans and ctirrent re- 
quirements are those necessary for day-to-day 
operations. 

Although the dratermination of requirements 
extends from the extremes of oversill national 
and International requirements for the conduct 
of global war, down to the requirements for 
a small task vmiA engaged in a minor opera- 
tion, the basic approach is ttie same. A large 
amount of statisticsd data is available to logistic 
planners. For example, consumption factors 
are used exteniiively in determining wartinfe 
petroleum requrirements. These foctors stem 
from several sources. One source is statistics 
on consumption of a given petroleum product 
by the various types of equipment. These fac- 
tors also reflect the estimates of designers of 
the equipment. Usage date are used for de- 
termining peti'oleuni requirements for stock 
replenishment (current requirements). These 
are average figures computed in various ways. 

Navy logisllc planners are interested pri- 
marily in aviailability of products, tankers, 
and storage facilities although other fiictors 
of indirect interest have far reaching effects 
on the Ailfilln.ent of Navy requirements. Navy 
strategic and mobilization reserve levels of 



petroleum products are computed, based upon 
planned deployment of forces. Petroleum prod- 
uct levels in turn influence the location and 
size of storage facilities to be leased or con- 
structed and also influence methods of fleet 
resupply (mdbile support, and advanced base 
support) under combat conditions. 

Practical Information for the 
Petroleiun Logistics Officer 

While comparatively few officers are likely 
to become directly involved in tt.e high-level 
logistics planning, many officers will be di- 
rectly concerned, either as their primary as- 
signment or as a collateral dutir, with some 
phase of petroleum logistics at the operational 
level. Because of the nature of petroleum 
and its products, and because of the special 
handling required, these officers tihould under- 
stand at least these factors: iproduct spe- 
cifications, hazards of contamination and de- 
terioration, the importance of quality 
surveillance, and safety precautions necessary 
in handling petroleum products. 



PRODUCT SPECIFICATIONS— MiUtary 
specifications are stated in terms of physical 
and chemical tests which describe the required 
properties of products for military xise. Al- 
though the petroleum logistics officer will not 
run tests on the products, he must be suf- 
ficiently famUiar with specifications to be sure 
that he has the right product, or at least, one 
that can be used. 

Military operations, particularly in overseas 
theaters in times of emergency, may present 
problems not normally encountered in the pe- 
troleum industry. For e^smple: An operation 
v^ich may be disrupted because of the lack of 
a particular petroleum product maybe continued 
if a usable substitute is at band. Conversely, 
the attempt to operate eqiuipment with petro- 
leum products which do not meet the required 
performance characteristics can halt opera- 
tions. In consequence, it is of c ritical impor- 
tance ttiat personnel with sufQcient under- 
standing of petroleum products be available to 
weigh the factors of such operating situations 
and come up with sound decisicms. 

Hazards of Contamination and Deterlora- 
tion.^Detericration, frequently referred to as 
going "ott spec,'' is thebreak-down of petroleum 
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products caused by weathering or aging. The 
best protection against deterioration is the 
careful rotation of stocks, using the oldest 
stocks first. A contaminated product is one 
to ifrhlch has been added some material not 
normaUy present, such as dirt, rust, water, or 
another petroleum product. The petnfleum 
logistics officer must be alert to the fkct that 
the use of a product which is ''off spec" or 
contaminated may seriously damage or cause un- 
satisfactory operation of equipment. 

Importance of Quality Surveillance.— The 
petroleum logistics officer must understand the 
causes of deterioration and contamination, and 
must eliminate these causes, so f^ as possi- 
ble. He must understand the functions of tech- 
nical officers ^o are charged with quality con- 
trol, and the necessity of referring any products 
of doubtful quality to these officers. He must 
also know the proper methods of storage and 
transportation, know how to avoid losses from 
evaporation or leakage; and know the precau- 
tions to be taken to ensure maintenance of ac- 
ceptable quality. 

Safety Precautions.— The petroleum logistics 
officer must understand the haisards involved In 
handling petroleum products. To acquire an 
understanding of thesehazards,hennistknowthe 
physical characteristics of the products. He 
must be well aware that these properties neces- 
sitate special storage faciltties, transportation 
equipment, containers, and flie like. He must 
have, in short, a complete knowledge of thepre- 
cautions required In handling petroleum prod- 
ucts. 

All these phictlcal factors of petroleum 
handling can be applied with greater confidence 
and effectiveness if the otHcer concerned Is 
reasonably well grounded in basic information 
about petroleum and Its products. Coosequenfly, 
succeecUng chapters provide with a brief re-* 
view of petroleum resources, properties of 
crude petroleum, petroleum production and the 
reflntaiK, measuring, sazopUng, testing, storage, 
and transpotiatlon of petroleum products. 

THB STEPS IN PETROLEUM LOGISTICS 

Three steps (types of action) are performed 
In petroleum logistics, namely: determination 
of requirements; procurement| and dlstrlbu* 
tlon. These steps are discussed briefly in 0ie 
following sections. 



Determination of Requirements 

In the conduct of sl6bal warfare, a funda- 
mental consideration is: what petroleimi prod- 
ucts, in what quantities, are needed to fight 
the war. This consideration embraces such 
extremes as the over-all national and inter- 
national requirements down to the needs of a 
small task unit engaged In a minor operation. 
Consideration must be given to the foct that 
not a wheel In Industry can turn without Itibri- 
catlon; that the Nation's transportation system 
would bog down without fUel; and that petroleum 
is the major source of lubricants and fuel for 
these purposes. 

The type of war we fight is largely deter- 
mined by the proper determination of require- 
ments and the ability of the Nation to provide 
such requirements In the quantity needed, when 
needed, and where needed. A decision to con- 
duct an offensive war can only be made when 
the material and manpower resources of the Na- 
tion are deemed adequate to provide the pre- 
determined requirements of such a war. (As 
we have seen, petroleum is indispensable in 
modem warfare.) The determination of require- 
ments for an offensive war is a responsiblltty 
and prerogative of military command. Many 
factors are naturally Involved in the develop- 
ment of an estimate of petroleum logistical 
requirements. Some of the more important of 
these are: 

1. A Consideration of the Strategic and 
Tactical Plans for Contemplated Operations.— 
These Include the continued support of opera- 
tions being currently conducted and the es- 
tablishment and maintenance of lines of supply 
to aU areas involved. In summary, it may be 
stated that cmly dangerous guesses result when 
requirements are not based on the dictates of 
specific strategic and tactical plans and/or 
current operations. 

2. The State of Availability of the Resources 
of the Civilian Economy.— This includes a con* 
slderation of the amount of crude petroleum 
available, the Nation's production and petro- 
leum refining capacity, transportation facHi- 
ties, and the nuniber of trained personnel. 
This factor is of great importance in the es- 
tabllrtrnient of an initial base for calculations 
and in the fomndation of a realistic time-table 
for pat>speettve operations. 

3. A Regard for flie Needs of Allies and 
Possibly Some Neutrals, the Support of Whom 
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May be of Vital Concern to Continuatton of 
HostUities. 

4* The Requirements of Military Govern- 
ment and Civil Affairs in Occupied Countries. 

5* Balance and Timing.— Overall logistic 
efficiency is greatly affected by proper balance 
and tim^and can be largely controlled in the 
first logntlc step. For example, a major con- 
sideration in determining wartime requirements 
is the military need for specialized products 
having no relation to peacetime requirements. 
JP-5 Jet ftiel, a product needed in considerable 
quantities by the military services, is not a 
major refinery pi*oduct in the civilian economy. 
The Jet engine consumes enormous quantities of 
fuel vtfiich, though not produced for civilian 
consumption, nnist be refined according to 
very closely tailored specifications for mili- 
tary use. Similarly, the sh^s of the Navy re- 
quire great quantities of another very closely 
tailored ftiel, known as Navy SpedaL This is 
a blend of ftiel oil designed for maximum speed, 
maximum utility in any climate, and miqiini i ni 
boiler fouling. This ftiel also presents a prob- 
lem in supply as it is not, under normal condi- 
tions, produced in great quantities. 

Requirements for Stock Replenidunent 

The inventory control of bulk petroleum pro- 
ducts for the Navy supply system is exercised 
by the Navy Fuel Supply Office. Inventory con- 
trol is the process by viilch supply of material 
is balanced against the demand for material. 
Requirements for stock replenishment fbr fi&e 
various petroleum items are determined by tbe 
requiring activity or by file Fuel Supply OfRce. 
Acttvities-bofii In ccntlnertal United States 
and overseas— which determine fiielr own indi- 
vidual stock replenishment requirements nor- 
mally base Qiem on past replenishable Hatnqty^ 
and establi Aed supply levels. 

In general, overseas sbore-based taistalla- 
tions compute reqplnmients and mstaOk them to 
the Defoise Fuel Avplj Center on a form of 
requisition known as a "date". TheOperatii« 
Procedures fbr Biilk Petroleum and Coal Prcd^ 
nets, DSAM 4220.1, contains lustrucUons for 
siinnission of glates. 

Procurement 

TUs step, coming between Oie 
of requirements and distribution, tndndes some 
of file dements of each of file oQmr two steps. 



It is based on the determination of requirements 
and like that step is largely dependent upon the 
present or future availabUity of crudepetroleum, 
finished petroleum products, facilities, and man- 
power. In the national defense structure, pro- 
curement is controlled primarily by thecivUian 
elements* 

Some (*f the factors involved in the procure- 
ment of petroleum are: 

!• Material Spectticattons«^Petroleum 
specifications are fixed by the Department 
of Defense as a result of experience and re- 
search. These specifications must be adhered 
to by manufacturers. They must be sufficiently 
restrictive to ensure that products will meet the 
requirements of the equipment for which they 
are intended; on the other hand, if specifica- 
tions are too restrictive, the ultimate cost of 
an item and file time required for its manufac- 
ture may be completely out of proportion to 
its benefit to the ultimate consumer. 

2. Standardisation.^Standardization is a 
vital companion to material specifications and to 
cataloging. The military services require an 
ever-increasing nuniber of specialized types of 
equipment and therefore of specialized petro- 
leum products. Recognizing that fids makes file 
problem of supplying petroleum products more 
complex, the Department of Defense continually 
endeavors to conibbieUie different requirements 
into Joint petroleum specifications and cancels 
those sped fl catlons no longer required. A re- 
duction in the number of products required sim- 
plifies the refining prbblems for Industry and the 
logistics problems for file services. 

3. CatalOKlng.--Catnlogtng of petroleum 
products, the essential factor of identlflcation, 
also presents strong toiHcIa of products suscep- 
tible to improved standanflzafion and common 
use among fiie services. Cataloging comprises 
the operations Involved In item identification, 
classification, and stock numbering; inchscfing 
the selection of aufiiorised item names, the 
preparation of descriptive patterns and fiieir 
use in estabHrtiing identification, and as an aid 
to establishing Uterchangeabfllty and sotatttu- 
tabflity of ttms; and in recording and present- 
ing data pertaining fiiereto. In a fbrm wUdi is 
imderslandable and usable In all simply opera- 
tions. 

4. Pure^^m^^Tlie actoal negottaHon of 
contracts tor niaiwiBicture or direct buying and 
payment for material nee d s of flie Armed Forces 
Is dbflously a Oreet factor fa proeurmenC. 
This Is OscQSMd In a later paragraph. 
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5. Material and Cost of InspectioD.-^Tbis 
is a necessary function in procurement and 
assures fiie Government that all contractual 
specifications for petroleum products are met 

manufacturers or dealers and at an equitable 
cost. 

6. Priorities and AUocaticms.— Although 
often a source of irritation, priorities and al» 
locations are of vital necessity in the schedule 
ing of procurement and distribution of petro- 
leum products. Only an intelligent application 
of priorities and allocations can ensure that 
the most essential petroleum needs of fiie Armed 
Forces will receive the precedence in procure- 
ment and distribution that they deserve. 

7. Accumulation. -«Tlie kccumulation at pe- 
troleum products at contractors' bulk storage 
plants, and at continental storage depots and 
ports represents the final phase of proc urem en t 
and at this point overlaps distribution. 

Purchasing 

The Defense Fuel Supply Center, the single 
manager operating agency for petroleam^ is 
responsible for the proc urem en t worldwide, 
of all petroleum, petroleum products and com- 
mercial services requested by the ndlttary 
services. The military services are responsi- 
ble for submlraionof Iditary Interdepartmental 
Purchase Requests (lOPH) (DD Form 448) to 
DFSC for the procurement of petroleum prod- 
ucts and services. 

The Defense Fud Simply Center phases sdb- 
mission of requirements^ consolidates require- 
ments, analyses Uie market, and detemdnes 
patterns for phased placement of orders insudi 
a manner as to assure meeting the ne ed s of tiie. 
ndUtary services at tbe lowest cost to flie 
Government, Based on requirements received, 
proposals aresoliettsdffmnliMliisli'y. ResuWIin 
q u o tatio n s and proposals are ana ly ae d mad con- 
tracts a w arded in accorda n c e wffli the Armed 
Forces Procurement Regulations* normally 
either an tadeHnfte ddivery or a flmded^ firm 
quantity-type contract is Issaed. Conftract ad- 
HI miff^TniTfH Bauters azxeccBiK oncn^c* QBsnci— 
ties, qualSy^ or ddiverysdiedalesare reserved 
to die Defense Fad flhi|ipiy Center* Ins psctton 
and acceptance ftsictt a ns are pertorm ed by tbe 
Defense Contract Adwlalsl ral hw Services 
(DCAS) or as iafflcatsd by the terms ot die 
contract. Local pundhise of pcfti oleum prod- 
ucts may be au Bi orlae d when tbe amount of 
any single Sem dbes not exceed 12,500 and no 



DFSC contract is desired by the military serv* 
ices. 

Figure 1-4 shows DFSC procurement actions 
by percent of products purdiased and figure 1-5 
shows the total dollar value of DFSC contracts. 

Distribution 

Distribution begins with the accumulation of 
petroleum products at continental depots and 
ports; it ends wltti delivery of the products to 
the ultimate consumer. It leads from planning 
and procurement to the fighting forces and in 
general is concerr 1 with the following factors: 

1. Accumulatir ^This involyes holding or 
storage, eittier as stratcf^c reserve or for spe- 
cific operations. The stock levels set for various 
organisations or projected plans are bu'*^ vp 
and maintained for fMure employment— w«Jiin 
the limits imposed by die type of petroleum 
product being stcred=in ttiis initial phase of 
distribution. The foundation for accumulation 
and distribution of material needs In the Kavy 
is largely die outgrowth of wartime experience 
wiOa ttiese factors. 

2. Ccmstruction.— Accumulation implies con- 
struction or the provkUng of extensive storage 
facilities, specifically designed for petroleum 
products, in boOi die continental United States 
and the area of operations. 

3. Distribution Agencies.-^Distrlbution 
agencies, txidi civil and military, control die 
petroleum transportation needs of die Armed 
Forces from accunndatlon points to consumer. 
Products may be transported In bulk by tanker, 
taidc tmdkf tank car, or pipeline, or as pack- 
aged p rod n e ts handted as regular cargo. To 
ensure dttt re q uired products are supplied when 
and where needed, ft Is essential that Astribo- 
tfcm agencies maintain close liaison and rela- 
tions wlUi Chose concemei! wSh operational 
plamdng and eiecdtlon. One agency iniBstribu- 
tkm of pelndeum products Is fhe lOUtary Sea 
TransporCatian Service wUdi, In dose coopera- 
tion wtth the Defense Fuel Sopply Center and 
Ibe three milfiaryservfees,sclieddesandtrans- 
ports petroleum prodncts by tanker for tbe 
mlltery services. 

4. Operation of Continental and Overseas 
Ports and Fad Depots^^llie opoatlan of such 
ports and depots follows transportation and has 
an Intimate relation to storagSy slaii' e const a ue^ 
ttotty fMl Aspensing flwyflittes, and rfdppbBg and 
dhon ti anspmlallun control. 
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FISCAL YEAR 1952 
133,549,000 BBLS 




FISCAL YEAR 1964 
303,685,000 BBLS 



Figure l^.DFSC procnrement acUons by percent of products purchased. 



132.5 




FISCAL YEAR 1952 
$751,765,986 



FISCAL YEAR 1964 
$ 1,129,303,000 



Flfore l.S.-7Mal doDir tfitae of DF8C eadtxaeks. 



132.6 
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PETROLEUM RESOURCES 



In order to bbtain finished petroleum prod- 
ucts, tt ia necessary to consider the occurrence 
of crude oQ, Its production, and the refining of 
the crude OH. All of tiiese phases are important 
and all are interrelated. Balance must be main- 
tained among these various phases of the petro- 
leum industry; balance must also be maintained 
between domestic and foreign supply. 

For several reasons it is of first impor- 
tance that the United States preserve adynamic, 
progressive, and enterprising domestic petro- 
leum industry. Strategically it is essential ttiat 
there be a complete petroleum industry located 
within the borde r s of the United States. Such an 
imlustry woald be the safest source of supply 
for petroleum products if it were necessary for 
the UUted States to fight a defensive war, for 
fiien file Ration would be dependent upon domestic 
sources alone. 

While sndi domestic supply must always be 
of primary consideration, foreign supply also 
Is very important. Should it become necessary 
for file United States to f^ a foreign war again, 
tt would become necessary to aqgmentdomesUc 
supplies of petroleum with supplies from oBier 
sources in the Western Hemisphere. In addition, 
the building up of the total military and economic 
potential of oQier free coutrles Is an important 
factor in our nattonal defense. SbchabuiUBngup, 
in torn, depends in largepartonthedevdopment 
of foreign petrolemn resources in friendly 
nattons. It is obvious that fiie dondnBtlon of 
foreign petroleum sources by nnfrlendly nations 
woidd gtmStf weaken the Hafion's strategic po- 



OCCURHKMCB OF OIL 

AccOT^^ to eittaiBtes of geologists, approz- 
iantdy 19 million square miles of flie earth's 
sntece coMlst of geotogic fomialh ms ^oMch are 
br the acmwn u l a tioB ct olL Alxnt 10 



percent of this area lies In the United States. 
It must be remembered that these indicate pos^ 
sible oU accumulations and do not Indicate the 
actual discovery of oil. Estimates of possible oil 
deposits are extremely hypothetical, since many 
variables are unknown, but It is of interest to 
consider some of these estimates. There have 
been many such estimates ranging from 13 billion 
barrels to over 1900 billion barrels left to be 
found wttliin the United States. Generally speak«* 
ing, the estimates of knowledgeable geologists 
and engineers fall within a narrower spread of 
175 to 400 billion barrels of oil left to be found 
In file Untted States, and would be in the form of 
total ultimate reserves of crude oil or hydro- 
carbons In liquid form. Assuming a conservative 
250 billion barrels for an ultimate figure, pro- 
ducfion to date and proved reserves when added 
together Inve been estimated to be about 110 
binion barrels at fiie end of 1962, leaving a 
remainder of approximately 150 billion barrels 
to be fond. Proved reserves means the total 
known quantifies of oU in fields already dis- 
covered wUch, under existing ccmdttions, can 
be produced by present day methods. Histor- 
ically, estimates of total crude oU resources 
have always been far too low; however. It is 
obvious fiiat there are abundant supplies of 
hydrocarbons awaiting discovery in tUs country. 

In file Untted States, actual production of 
barrels of crude ofi las always been consider- 
ably less than file total barrels at proved 
reserves. It is vital fiat fids rafiobemitahiined 
so that a cushion at petroleum reserves is en- 
sured. Continuous expiration, drilling, and 
contrcfl of production is necessary to maintain 
an adequate reserve, and to replace ofi reserves 
which are lost by fiie depletion of older fields. 

S tatt sti c s on proved reserves of crude oU 
in the United States are given in table 2-1. 
Proved reserves for the free world are shown 
In table 2-2. 
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Table 2-1. -Proved Reserves of Crude Oil 
in the United States 

(Billion Barrels— Rounded) 





Estimated 

irroveo 
Reserves 
At End of 
xear 


Production 
During 
Tear 


Ratio: 
Reserves 
Production 


1950 


25.3 


1.9 


13.3 


1951 


27.5 


2 2 


19 R 
Is. 9 


1952 


28.0 


2.3 


12.2 


1953 


"28.9 


2.3 


12.6 


1954 


29.5 


2.3 


12.8 


1955 


30.0 


2.4 


12.5 


1956 


30.4 


2.6 


11.7 


1957 


30.3 


2.6 


11.6 


1958 


30.5 


2.4 


12.7 


1959 


31.7 


2.5 


12.7 


1960 


31.6 


2.5 


12.6 


1961 


31.8 


2.5 


12.7 


1962 


31.4 


2.6 


12.0 


1963 


31.0 


2.7 


11.5 



A member of the U. S. Geological Survey in 
1963 estimated that vporldwide recoverable re- 
serves of petnAeum are about 300 billion bar- 
rds, and undiscovered potential resources are 
about another 4 trilUonbarr^.R is emphasised 
that these figures are much higher than most 
oOier estimates made by industry sources. 

None of the above figures include oQ fbund 
in bttunrinous rodcs such as fluise ia Attmbasca, 
Canada, or the western United States. There are 
eMmated to be about one trillion barrels hi 
uncHscovered and marginal reserves, and 40 
bHIion di s cov er ed and recoverable. Shale-oil 
reserves, most of uliich arelntheUnttedSlates, 
are estfanated at 150 bOlion barrels known, and 
14 trillion barrds undiscov er ed and HMifgi Mi 
in nature* 

OIL RB80URCK8 

b addition to petroleum resources wtttiin 
Oie United Slates, petndeum logistic planers 



must considerforeignoil resources. If the United 
States could depend on oil reserves of the Middle 
East in a time of emergency, the task of fueling 
a war machine would be relatively easy. Some 
plans, however, do not hiclude availability of oil 
from this area. Still, the potentialities of the 
Middle East, as well as other areas, must be 
considered in any strategic plan, and also in 
plamdng me logistical support of friendly na- 
tions. 

At the end of 1964| the free world proved re- 
serves were still essentially as shown for 1963 
in table 2-2. The most important nations with re- 
gard to proved oil reserves were apportioned as 
foUows: Kuwait 20%, Saudi Arabia 19%, Iran 12% 
United States 11%, Iraq 8%, and Venezuela 5.4%. 

Changes in petroleum reserves and also 
changes in political policy are constantly taking 
place, and this fhct must be remenibered when 
considering ttie future of petroleum reserves. 
During 1964 the eastern half of the world 
eclipsed the west in energy consumption— 
especially oil. The Eastern Hemisphere is ttie 
major growth area for oil and will continue to 
be. However, the large energy users of OieAsia. 
Pacific area and Europe are closii« the gap 
between oil consumption and crude supplies 
available. There is still a large oil surplus, but 
currently reftoing capacity is increasii^ faster 
than production of crude oil. 

The free world oil picture at the end of 1964 
shows only an 8 percent increase in reserves 
over 1963, but stiU represots approximately 
9 billion barrels of newly-avaHable oil supply. 
The most spectacular increases came from 
Africa, oD's newest important producing area. 
In additlan to important discoveries in North 
AMCC, Nigeria is rapidly increasfaig its oU 
potential. AlUnq^ great interest is focused on 
Africa, flie Iflddle East continues to increase in 
importance* 

The Western Hemisphere in recent years 
taanot progressed as rapidly as other oil- 
producing areas. Latin America as a wh(fle is 
Just ftbout maintaining its reserves. Colund>ia 
may prove to be more important in ttie future 
and Vensuela may opmnew acreage concessions 
wUch could fhrther accelerate the development 
of her petroleum industry. There is little like- 
lihood that the Western Hemisphere area will 
ever regain its once dominant position in all 
sectors of the on industry and it is laggiiy be- 
hindolher areas of the worid hi eipansion. 

Etarope is a rapldfy ' expanSqg industrial 
area and major economic growOi is expected to 
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Table 2-2.^Free World Proved Reserves 



(Billion Barrels— Rounded) 





1950 


% of 
Total 


1956 


% of 
Total 


1963 


% of 
Total 


Untted States 


25.3 


28.8 


. 30.4 


14.1 


31.0 


10.7 


Venezuela 


9.5 


10.8 


14.0 


6.5 


17.0 


5.8 


Canada 


1.2 


1.4 


2.8 


1.3 


4.9 


1.7 


Other West. Hm. 


1.8 


2.1 


3.5 


1.6 


6.5 


2.2 


Total W. Hem. 


37.8 


43.1 


50.7 


23.5 


59.4 


20.4 



Free Eorqpe 
North Africa 
West Africa 
Middle East 
Other East. Hem. 


0.3 
0.2 
NIL 
48.0 
1.4 


0.4 
0.2 

54.7 
1.6 


1.4 
0.5 

NIL 

156.0 
6.9 


0.7 
0.2 

72.4 
3.2 


2.2 
14.0 

1.0 
204.0 
10.2 


0.8 
4.8 
0.3 
70.2 
3.5 


Total East Hem. 
(Excl. Communist Bloc) 


49.9 


56.9 


164.8 


76.5 


231.4 


79.6 




Total Free World 


87.7 


100.0 


215.5 


100.0 


290.8 


100.0 


Increase - 1956 vs 1950 
Increase - 1963 vs 1956 






146% 




35% 




Increase - 1963 vs 1950 










232% 





conUmie In the fMure. This is especially trueln 
energy consumpticm. European oil production ac- 
counts for only a fraction of its needs so it is 
an area largely dependent <m imports. Althoogh 
a coal-produdng area, coal is rapidly losing 
ground to oil. Natural gas is hi^dy inqportant, 
sparked by the discovery of one of the world's 
biggest reserves in the Nbrlh Sea area. 



PRCXDUCTION 



In consideringtheworld'speftroieum regions, 
various groupings are posslbls. Forthe purposes 
of this text, ttie gr o upin g s used are as shown in 
tables 2-2 and 2^3. TheUnttsd States, Venesuela, 
and Canada are put of ttie WestemHemisphere 
but are listed separately because of their im- 
portance in overall planninB to meet United 
States requirements. 



Middle East 

The Middle East is the world's chief petro- 
leum producing region and also has approxi- 
mately two-thirds of all proved reserves in the 
Free World. This area includes the lands border- 
ing the eastern end of ttie Mediterranean, the 
Caspian, Red, and Black Seas, and the Persian 
Gulf. The vast accumulations of Saudi Arabia, 
Iran, Iraq, Kuwait, Bahrein, Qatar, and ottiers 
are in this region, and it is probable that more 
oil will evenhmlly be produced in this region 
ttian anywhere else in the world. Even without 
thorom^ exploration, the BOddle East, at ttie end 
of 1964, had proved reserves in excess of 212 
billion barrels, the majority of which has been 
discovered wittiin ttie past decade. Commercial 
crude production in this region began in Iraq 
in 1906, in Ii^ hi 1934, and in Saudi AraUahi 
1940. Current production of crude oil in the 
Middle Bast is about 780,000,000 barrels a day. 
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Western Hemisphere 

Second in importance with regard to both 
reserves and daily production of petroleum is the 
Western Hemisphere. Total proved reserves in 
this area amounted to about 65 billion barrels, 
mostly in the United States, Venezuela, and 
Canada. The United States leads in proved re- 
serves with over 34 billion barrels at the end of 
1964 and also in production with over 7,600,000 
barrels per day. Within the United States impor. 
tant areas with crude reserves, other than the 
Gulf Coast, are the Mid«continent areas, west 
coast, and local areas in the Rock Mountain 
Cordillera. 

Oil and gas have been found in most of the 
States of the United States, but as shown in 
figure 2-1, the States vrtiich lead In the actual 
production of crude oil are Texas, Louisiana, 
California, and Oklahoma. A California oil field 
is shown in figure 2«2. 



Venezuela is second with proved reserves of 
17 billion barrels per day. Canada is third with 
proved reserves of over 5 billion barrels and 
production of over 700,000 barrels per day. 
Other nations that participate significantly inthe 
production of crude petroleum are Mexico, 
Argentina, Columbia, Trinidad, and Brazil. 

The crude oil refining capacity is largely 
centered in the United States with a capacity of 
nearly 11,000,000 barrels per day. Venezuela 
and Canada each have a capacity of about 
1,100,000 barrels per day. 

North Africa 

A new significant oil-producing area has 
recently attained the third place position in 
world importance, not only in proved reserves 
but in daily production. This area is North 
Africa, and includes Egypt, Algeria, Libya, and 
Ttmlsia. First production in North Africa was 
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Figure 2-1. -Production of crude petroleum in fiie United States (1953-63) by sUtes. 
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132.10 



Figure 2-2.-A California oil field. 



accomplished in late 1956, with the greatest 
development occurring in the 1960s. By the end 
of 1964 total proved reserves in North Africa 
approximated 18 billion barrels, and daily pro- 
duction averaged over 1.5 million barrels of 
crude petroleum. 

Other Significant Areas 

Areas in the free world of lesser importance 
but producing significant quantities of crude 
petroleum include: 

1. Africa (other than North Africa) in such 
locales as Angola, Congo, Gabon, Senegal, and 
Nigeria, with the latter showing promise of 
considerable further development. Proved re- 
serves are almost 1.5 billion barrels, and daily 
production is over 200,000 barrels. 

2. Asia-Pacific Area— The chief fields are 
in Brunei, Burmai India, Indonesia, Malaysia, 
et cetera. Exploration is still far from complete 



here, but proved reserves are on the order of 
11.5 billion barrels, most of which have been 
determined in the last 10 years. This producing 
region has an average daily production of over 
600,000 barrels of crude oil. 

3. Australia is a new area of production, 
still relatively small in reserves and yield, 
but of probable great increase in importance. 
The first oil was discovered in late 1961 and 
several additional producing areas have been 
found since. At the end of 1964 proved reserves 
totaled 50 million barrels. 

4. Countries in Europe that have some pro- 
duction are Austria, France, Italy, Netherlands, 
Spain, United Kingdom, and West Germany. 
Total proved reserves amount to 2 billion bar- 
rels and daily crude production averages nearly 
400,000 barrels daily. 

At the end of 1964 the Communist Bloc was 
estimated to have proved reserves of about 31 
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billion barrels and daily production of 4.^7 
million barrels. The areas of the Communist 
Bloc are extremely large and wide- spread and 
every p^^jspect exists for great petroleum re- 
serves to be discovered. Production is expected 
to continue to increase rapidly. The chief fields 
are in U.S.S.R., Roumania, Red China, and 
Hungary. 



PETROLEUM PRODUCTS DEMAND 
IN THE UNITED STATES 

Since the first oil well was driUed in 1859, 
petroleum has become increasingly important- 
first as a source of light and later as a source 
of power and heat. Today, the military forces 
get the major part of their energy require- 
menti9 from petroleum and its associated prod- 
ucts. 

Total United States demand for petroleum 
products continues to gain. For the first half of 
1964, the total domestic demand was up 2.7 
percent for an average of over 11,000,000 bar- 
rels per day. A detailed discussion ofthede- 
mand,<9 for all majorproducts is beyond the scope 
of this text, but summaries of a few market 
trends will serve to showthe increasing demand. 
Total dally world consumption ^Tii production of 
petroleum at end of 1963 (excluding the Soviet 
Bloc) are shown in table 2-3. 

Gasoline 

Domest;ic constunption of gasoline during 
the year 1964 was up 3.9 percent over the 
previous year. Dally usage of gasoline averaged 
4,653,000 barrels. Aviation gasoline usage totals 
about 130,000 barrels per day or only 3.5 
percent of all gasolines. Demand for aviation 
gasoline is decreasing steadily because of the 
increasing use of jet fuels in commercial air- 
craft. Military consumption of . aviation gasoline 
also is maintaining a downward treni. 

Jet Fuels 

Conmiercial aviation use of jet fuels is 
steadily increasing; in fiict, some authorities 
believe that by 1970 there will be no domestic 
air lines using piston engines vAiich require 
gasoline for fuel. Military jet fuel usage during 
1964 averaged 330,000 barrels per day, an in- 
crease of 2.8 percent over the previous year. 
Commercial Jet fuel consumption avaraged 



Table 2-3. -Production and Consumption of 
QU atthe End of 1963 
(Excluding Communist Bloc) 

(Million Barrels— Rounded Per Day) 



Production Consumption 



United States 


7.6 


10.7 


Venezuela 


3.4 


.2 


Canada 


.8 


.9 


Other W. Hem. 


1.1 


1.6 


Total W. Hem. 


12.9 


12.4 


Free Europe 


.4 


5.3 


North Africa 


1.1 


.2 


West Africa 


.1 


.2 


Middle East 


7.7 


.7 


Other East Mem. 


.6 


1.0 


Total East Hem. 







i^Excl. Communist 



Bloc) 



228,000 barrels per day, an increase of 10.7 
percent over 1963, reflecting the rapid change to 
turbines-powered aircraft by the commercial 
air industry. 

Distillates 

The use of diesel equipment on the railroads, 
the highways, in construction equipment, and the 
like continues to expand. 

Residual Fuels 

Heavy bottom products known as residual 
fuels are used by utilities as a power source 
and also in diip bunkers. Less and less of ttiis 
type fuel is becoming available domestically, as . 
new refining processes make it possible to ob- 
tain higher yields of gasoline, jet fuels, and dis- 
tillates. Imports are therefore necessary to en« 
sure a sufficient quantity of residual fuels. 

Import and Export Demands 

United States oil imports of crude oil and 
finished products have icended to kicrease ^lle 
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exports of both have decreased. The continuing 
Increase in overseas refineries capable of pro- 
ducing lubricants and other specialized products 
will undoubtedly cause further reductions inex« 
ports from the United States. 



CONSERVATION 

In the early days of the United States oil 
industry, when our oil resources appeared 
to be plentiful, many of our fields were almost 
destroyed. This may be attributed to the greed 
of operators who wanted to get the most oil 
possible in the quickest way, and to lack of knowl* 
edge concerning the most efficient operaticm of 
oil fields. It is estimated that by mismanaging 
fields in the past, we lost about 80-90percent of 
the oil which could have been recovered by more 
efficient methods; today, however, wearegetting 
80-90 percent of the oil. 

In recent years much progress has been made 
in designing and operating secondary recovery 
projects for the recovery of oil from previously 
depleted fields. The oil made available by sec- 
ondary recovery methods has in recent years 
added materially to the Nation's reserves. Many 
organizations such as the American Petroleum 
Institute and the Pennsylvania Grade Crude Oil 
Association have Initiated and are continuing to 
carry on research and experiments to Increase 
the amount of oil recovered by these methods. 

In the past, large quantities of gas, produced 
with the oil, were released into the atmosphere 
or burned. Today some of these gases are sold 
for domestic and industrial fuel. Other gases 
are used inthemanufttctureofvariouspetrdleum 
products. 

Oil was also lost ^en, in excess of current 
needs, it was brought to the surfoce and stored. 
Inadequate storage focilities resulted in loss 
through seepage and evaporation. Also, in many 
cases, wells were operated beyond their most 
efficient production rates. Such practices are 
no longer permitted and production is regulated. 

Oil fields usually reach their maximum rate 
of production within a fewyearsafterdiscovery^ 
but this behavior may be modified by artificial 
restrictions. Prorationing is one practice iidilch 
has been applied in many fields^ particularly 
during periods of flu8hproduction;Thispractice 
restricts early production, delays development^ 
and defers the time of peadc productive capsusity. 



FUTURE OIL SUPPL^ 

''How long will United States oil reserves 
last?" This is a question frequently asked, 
particularly hi viewofthelncreasingdemandfor 
petroleum products. 

On numerous occasions, fear has been ex- 
pressed that we are running out of oil. Shortages 
were created durhig World Wars I and n, but 
these were balanced in each case by -intensive 
postwar exploration and drilling. Although 
proved reserves are being diminished by the 
withdrawal of oil from producing fields, they are 
simultaneously being Increased by discoveries of 
new fields, by improved recovery methods, and 
by finding that known fields are larger than at 
first supposed. Nevertheless, ^en shortages 
occur, many tend to view the future with alarm. 

So far we have never run out of oil. In times 
of shortages, prices have increased, thus giving 
incentive to thepetroleum industry for increased 
drilling activity. This, in turn, has resulted in 
the discovery of new reserves which, for many 
years, have slightly exceeded the production of 
oil. Total known reserves have ranged between 
10 and 20 times the annual production. This 
situation can be expected to continue as long as 
there are unexplored, untested geological forma- 
tions fovorable to the accumulation of oil. 

As we have seen, our supply has been and 
continues to be augmented by imports of foreign 
oil. Yet it is 6bvious that the supply is not limit- 
less and that new oil fields are becoming more 
difficult and more expensive to find. 

When eventually a period of undersupply is 
finally reached, new reserves will still be found 
but Ina slowly diminishing amount. Many persons 
feel that before this period is reached, a syn- 
thetic fuel industry must be stimulated. 



SYNTHETIC UQUID FUELS 

Synthetic fUels is the term commonly used 
to hidlcate fuels manufactured from sources 
other than crude petroleum. It refers particu- 
larly to the manufacture of fuels from coal and 
shale. At the present time, oil from shale and 
coal is not being produced conmierclally because 
of the cost. The Bureau of Mines, however, has 
several experimental plants for maldng such 
fuels and the Navy administers oil shale re- 
serves for this purpose. The Bureau of Mines' 
synthetic liqiiid fuels program has forged ahead, 
and important technical advances led the way to 
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improved methods of converting coal and oil 
shale into liquid fuels. 

The increasing demand for petroleum prod-- 
ucts and the rising cost of finding new petroleum, 
coupled with America's growing dependence on 
imports and the unsettled international situation, 
have continued to emphasize the importance of 
the Bureau of Mines' program. It is considered 
that the supplementing of natural petroleum with 
synthetic liquid fuels will not only conserve the 
Nation's petroleum reserves, but willalsobring 
into greater use its tremendous reserves of coal, 
fs well as the vast deposits of oil shale for which 
lio other practical use has yet been found. (The 
Bureau of Mines estimated that there are 92 
billion barrels of shale oil and 3 trillion tons of 
coal available in this comtry.) 

It is the opinion of many that through the 
development of commercial synthetic liquid 
fuels, the United States can obtain oil products 
from its great inland reserves of coal and oil 
shale to supplement petroleum in any quantity 
that may be necessary. The use of raw materials 
from such deposits would be of highest impor* 
tance in wartime, when shipping lanes are 
menaced by the enemy. 

Trends in petroleum refining also indicate the 
need for the development of a synthetic fUel 
industry. As we have seen, refiners are in- 
creasingly emphasizing the production of higher- 
grade products and the petrochemical industry 
is a growing one. F6r this reason, the future 
United States demand for fuels may outstrip 
their manufacture. Many experts feel that the 
Nation's future supplies of fuels can best be met 



by synthetic fuels. Moreover, it is their opinion 
that petroleum will become too valuable to burn 
for fuel and that our petroleum resources can 
be utilized most effectively in the manufacture 
of petrochemicals. 

Through the use of prototype plants, research 
and technology have advanced to the point v^ere 
the cost of shale oil is only slightly greater than 
the cost of crude oil. These plants, as the first 
step in the development of a synthetic fuels in- 
dustry, serve a threefold purpose: 

1. They provide a basis for future rapid 
expansion of the shale oil processes. 

2. They will aid inconservingnaturalpetro- 
leum and reducing America'9 dependence on 
imports by hastening utilization of abundant 
domestic raw materials for the production of 
liquid fuels. 

3. They will lead to the production of im- 
portant chemical products for commercial use. 

Although opinions differ as to when synthetic 
fuels fi'om coal and oil shale will be needed to 
supplement domestic oil and imports, or vAien 
synthetic oil can compete with natural petro- 
leum, national defense needs dictate that we 
avoid unnecessary risk in a commodity as vital 
as oil. There is general agreement that the United 
States eventually will supplement domestic and 
imported petroleum with synthetic oil, and the 
necessary technology must be ready for use with- 
out delay. 

As the cost of making oil from shale and 
oil decreases, it is anticipated that synthetic 
fuel will become a substantial supplement to our 
crude oil supply. 
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PROPERTIES OF CRUDE PETROLEUM 



Crude oil varies in color from black, through 
various shades of brown and green, to a light 
amber. In rare instances, it may be almost 
colorless. The more important gaseous forms of 
naturally occurring petroleum are methane, 
ethane, propane, and butane. Natural gas , which 
is used as an industrial and aomesnc fuel, is 
chiefly methane with some ethane. 

Gaseous forms ofpetroleumcanbe converted 
into liquids by changes intemperature and pres- 
sure. For example, propane, and butane, which 
are gases tmder normal conditions, can be ccxi- 
verted into liquidsby the application of pressure. 
Known as liquefied petroletmi gases , they are 
used in rural areas for codUng and heating, and 
in urban areas as an enricher for manufactured 
gas. 

Similarly, crude oil^a liquid consisting of 
many compounds^may be cracked by the appli- 
cation of heat to give many gaseous compounds. 
This process is used in refining and is described 
more fully in chapter 5. 

Crude oil is flanmiable and its gases are fre- 
quently explosive. The lighter, more volatile 
liquids are readily ignited and will bum com- 
pletely to give carbon dioxide and water. 

Crude petroleum is a complex mixture of 
various chemical compounds, commoidy known 
as hydrocarbona. Traces of nitrogen, sulfur, 
oxygen, and metals such as vanadimn may also 
be present. Crude oils containing elemental 
sulfur and certain sulfur compounds, such as 
hydrogen sulfide and mercaptans, are known as 
sour crudes. These crudes usually have a vile 
or nauseating odor. 

Hydrocarbon compounds consist of hydrogen 
and carbon. However, these compounds differ 
"in their carbon and hydrogen ratio, in their mo- 
lecular weight, and in their molecular structure. 
B^ore considering the various types of hydro- 
carbons, it is necessary to reviewthose chemical 
principles which are basictpanunderstandingof 
the discussion. 



CHEMICAL PRINCIPLES 

Chemical Element 

A chemical element is a pure substance Mdiich 
cannot be subdivided by ordinary chemical 
means. Examples of chemical elements are 
hydrogen, carbon, oxygen, and sulfur. 

Atom 

An atom is the smallest particle of an ele- 
ment vAiich is capable of entering into a chemical 
reaction. 

Molecule 

A moleciile is conqposed of atoms and is the 
smallest division of any chemical compound that 
retains the properties of that compound. 

Compound 

A compound is a chemical combination of two 
or more chemical elements in definite pro- 
portions by weight. 

Isomeric Compounds 

Isomeric compounds are compounds com- 
posed of the same elements, united in the same 
proportions by weight, but differing in one or 
more properties because of differences in mo- 
lecular structure. 

Valence 

The valence of an element is the combining 
capacity of one of its atoms as compared with 
that of an atom of hydrogen. In figure 3-1, the 
valency bond is represented by a hook. An atom 
of an element having a valence of one can com- 
bin^<with an atom of another element having a 
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Figure 3-l.^The valence of hydrogen is one. 
The valence of carbon is usually four. 



valence of one; an atom having a valence of four 
can cond)ine with four atoms of an element having 
a valence of one. 

Hydrogen hast a valence of one; caibon usually 
has a valence of four. Therefore, one carbon 
atom can conibine with four hydrogen atoms to 
form a hydroca^rbon having the formula CH4 
(methane). Its sliructure is shown in figure 3*2. 

Saturated Hydrocarbons 

When an atom of carbon tias combined with 
four atoms of hydrogen, it cannot take up any 
more atoms because its four valency bonds are 
satisfied. Uhen the valency bonds are satisfied, 
the hyidrocarbon is said to be saturated . 

Two carbon atoms can also combhie with each 
other and with hydrogen to form a compound hav« 
ing a carbon-to-carbon single bond, as shown in 
figure 3-3. Here, too, the valency bonds are fully 
satisfied, either by the carbon- to-carbon bond or 
by hydrogen atoms. 
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Figure S-2.-.Molecule of methane, CH4. * 
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Figure 3-3.-.Molecule of iethane, C2Hg-a 
saturated hydrocarbon. 

Because the valency bonds of saturated 
hydrocarbons are fully satisfied, these hydro- 
carbons are relatively stable. 

Unsaturated Hydrocarbons 

A hydrocarbon having a deficiency of hydro- 
gen is called unsaturated. Because of the de- 
ficiency of hydrogen atoms, the imsatistied 
valency bonds of one carbon atom will hook onto 
the unsatisfied valency bonds of another caibon 
atom to form a double or triple bond. However, 
this may be considered a temporary, bonding 
because the extra bonds will, under certain con- 
ditions, separate readily to Join with other ele- 
ments vAAch become available. Ethene (com- 
monly called ethylene) is an example of an 
unsaturated hydrocarbon. Its molecular struc- 
ture is shown in figure 3-4. 

As illustrated, a molecule of ethene contains 
two carbon atoms >xAiich are linked by a double 
bond. Thus, each caxi)on atom has one valency 
bond iKAilch is not satisfied by another element, 
but ^ch is temporarily sltisfiedby the carbon- 
to-carbon linkage. These bonds-one from each 
atom-will readily break apart under certain 
conditicms to combine with some other chemical 
element, such as oxygen. 

Since unsaturated hydrocarbons have bonds 
which are available for combining with other 
chemical elements, they are less stable than 
saturated hydrocarbons. Thus, a gasoline con- 
sisting of a bighpercentage of unsaturated hydro- 
carbons has a tendency to form lacquers, gum, 
and sludge by oxidation (combining with oxygen). 
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Figure 3-4.— Molecule of ethane (ethylane) 
C2H^— an unsaturated hydrocarbon. 



TYPES OF HYDROCARBON COMPOUNDS 

Hydrocarbon compounds may be classified 
according to their carbon and hydrogen ratio 
and according to their structure. The four 
general types of hydrocarbon compounds found 
in petroleum are: (1) paraffins; (2) naphfhenes; 
(3) olefins; and (4) aromatics. 

Paraffins 

The hydrocarbons ixdiich are richest in 
hydrogen are called paraffins. These aresatur* 
ated hydrocarbons which derive their name from 
the Latin parum af finis , meaning snaall affinity . 
As previously mentioned, saturated hydrocar« 
bons are relatively stable. 

Physically, the more common paraffins are 
liquids, but the series also includes those vAiich 



are gases at normal temperature, and those 
which are semisolid or solid. The product known 
as paraffin wax belongs to this series. 

According to theGeneva system of nomencla- 
ture--vAiich is internationally accepted by chem- 
ists^fully satisfied hydrocarbons having single 
bonds in their molecules aregiven names ending 
in ane . Common examples are methane, ethane, 
propane, butane, pentane, hexane, and octane. 

The formulas of paraffins are easy to recog- 
nize since the nuihber of hydrogen atoms is 
always two more than twice the number of car« 
bon atoms (C|^H2n+2)- A selected list of paraf- 
finic hydrocarbons, with their formulas, is given 
in Appendix B. 

The molecular structure of paraffinic hydro- 
carbons is characterized by the open-chain ar« 
rangement of the carbon atoms. These open« 
chain hydrocarbons may be siibdivided into two 
groups; namely, straight- chain paraffins and 
branched-chaln paraffins. 

Straight* chain paraffins are those in M^ich 
the carbon atoms sure arranged linearly as shown 
in figure 3-5. These pai^affins are called normal 
paraffins. They are, in g eueral, the most stable 
in the entire hydrocarbon fomily at ordinary 
temperatures anddonot react readily with strong 
acids or alkalies. However, they have a low 
octane value. 

A branched-chaln paraffin , 2« methyl pro- 
pane (commonly called isdbutane ) is shown in 
figure 3-6. It will be noted that normal butane 
and 2-methyl propane (isobutane) have the same 
formula although their molecular structure is 
different. Since 2-methylpropane is composed of 
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Figure S-e.-Molecule of 2.methyl propane (isobutane) C4Hio-a branched-chain 

paraffinic hydrocarbon. 
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the same nunlber of elements as butane^ imited 
in the same proportion by weight, but differs in 
structure, it is isomeric with butane. This 
chemical property is, therefore, expressed in 
common nomenclature by the prefix iso. 

Branched-chain paraffins are found to a small 
extent in natural gas and crude oil. Compounds 
of this type, with firom five to nln<> carbon atoms, 
are very valuable in high antiknocicftiels. ^ere- 
as the octane number of normal butane is rela- 
tively low, the octane number of isdinitane is 
high. This difference in antiknock property 
is due to the difference in molecular structure. 

Naphthenes 

The molecular structureofnapbthenic hydro* 
carbons is characterized by the closed-chain 



arrangement of carbon atoms. That is, the two 
ends of an open chain are Joined together, form- 
ing a cyclic structure, as shown in figure 3-7. 
This characteristic structure is indicated in 
their nomenclature, as cyclobutane, cyclopen- 
tane, cyclohexane, andcycloheptane. As a series, 
they are sometimes called cyclqparafttns. 

Naphthenes may or may not be saturated 
hydrocarbons. Figure 3-8 shows the molecular 
structure of cyclobutane. 

Ifaphthenes are fitirly resistant to change, in- 
cluding oxidation, and are relatively insoluble in 
strong sulfuric acid. Naphthenes occur in many 
crude oils and may be found as a component of 
lubricating oil. 
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Figure 3-7.-- Molecule of cyclopropane C3Hg^a 
naphthenlc type of hydrocarbon. 



Olefins 

The olefinic hydrocarbons are unsaturated, 
open-chain hydrocarbons. As In paraiflnic hy- 
drocarbons, the chain may be straight or 
branched. Unlike paraffins, olefins aliways con- 
tain one or more doxible bonds. 

The molecular structure of ethene (ethylene), 
a straigbt-chain olefin, was shown in figure 3-4 
and has been mentioned in the discussion of 
unsaturated hydrocarbons. Anottier example of a 
straic^t»chain olefin is 2-butene (butylene), 
C4H3, ¥Aose molecular structure is shown in 
figure 3-9. 

An example of a branched- chain olefin is 2* 
methyl propene, (isdbutylene), C4H3. Its struc- 
ture is shown in figure 3-10. 

Every olefinic hydrocarbon contains at least 
one doiible bond but may contain more than one. 
If two doift>le bonds occur, the hydrocarbon is 
sometimes called a diolefin. Figure 3-11 shows 
the molecular structure of 1, 3-butadiene (ery- 
threne), C4Hg, which is a diolefin. 

Under me Geneva system of nommclature,a 
single-bonded olefin is given a name ending in 
ene, as ethene, butene, and hexene. A diolefin is 
given a name ending in diene, aspropadiene. The 
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Figure 3-8.— Molecule of cyclbbiitane, C^H^, a 
naphthenlc type of hydrocarbon. 



positions of the double bonds are indicated by 
numbering the caibon atoms from left to right in 
the longest straight-chain. 

Olefins are reactive hydrocarbons because of 
the double bond which gives them the ability to 
unite readily with hydrogen, or other elements 
such as oxygen, chlorine, and sulfur. Because of 
this property, highpercentagesof olefinsareun- 
satis&ctory for use in fuels where a high degree 
of stability is essential. They are, however, 
highly desirable in manufiicturing petrochemi- 
cals. (See ch. 5.) 

Aromatics 

The molecular structure of aromatic hydro- 
carbons is characterized by at least one 6- 
membered ring of carbon atoms. Joined together 
by alternate single and double bonds. The 
simplest aromatic i»\)e)nzene(CgHg), sometimes 
called benzol . (It is not to be confused with ben- 
zine , a mixture of the lighter constituents of 
petroleum obtained by fractional distillation and 
used as a solvent.) 

The benzene ring is shown in figure 3-12. 
The second simplest aromatic is toluene (toluol), 
C6H5CH3, the principal component of TNT. 
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Figure S-O.-Molecule of 2.butene (butylene), C4HQ-.a straight- chain, olefinlc hydrocarbon. 
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Several benzene rings can Join together, 
forming more complicated hydrocarbons. Such 
combinations are called polynuclear aromatics. 
When two benzene rings are Joined together, as 
shown in figure 3-13, we have naphthalene. This 
is not to be conftised with the hydrocarbon series 
known as naphthenes . 

Any Of the hydrogen atoms in an aromatic 
hydrocarbon^such as naphthalene--may be re- 
placed by paraffinic, naphthenic, or olefinic 
compounds, or by other aromatic groups as 
shown in figxure 3-14. Ethyl naphthalene is 
formed when one of the hydrogen atoms in a 
molecule of naphthalene is replaced by an ethyl 
radical (ethane minus a hydrogen atom). 

Aromatics are desirable in gasoline because 
they have high antiknock properties. However, 



they have powerftd solvent tendencies and for 
this reason have a deleterious effect on some 
types of rubber. Certain aromatics are used as 
solvents and in chemicals such as nitrobenzene 
and trinitrotoluene (TNT). Many aromatics are 
used as intermediates in the manufacture of 
many dyes and synthetic drugs. Aromatic hy- 
drocarbons are found in crude oils to some ex- 
tent. They are named aromatics becausemostof 
them have a characteristic aroma. 



SUMMARY OF HYDROCARBONS 

In summa]:7, the principal types of hydro- 
carbons found in crude oil and their structures 
are shown in table 3-1. 



Table 3-l.«Types and Structures of Hydrocarbons 



1. Paraffins 

2. Naphthenes 

3. Olefins 

4. Aromatics 



Open chain (straight or 
branched). 
Closed chain (cyclic) 

Open chain (straight or 
branched). 

Closed chain (benzene 
ring) 



Saturated 

Saturated or unsaturated 

Unsaturated 

Unsaturated (but in gen- 
eral acts like a sator- 
ated compound). 



Single bond. 

/Single bond. 
lDoia>le bond. 
Ooia>le bond. 

Doiible bond. 
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Figure 3-10.— Molecule of 2-inethyl propene (Isobutylene), C4H3~a 
branched- chain, olefinle hydrocarbon. 
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Figure 3-11.— Molecule of 1, 3-butadiene (erythrene), C^Hg— a diolefin. 
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Figure 3.12.«Molecule of benzene, CgHg. This 
is the benzene ring, present in all aromatics. 



The foregoingdiscussionof hydrocarbonshas 
necessarily touched' only upon the general types 
and has not discussed all the variations or pos- 
sible coniblnations vAiich may occur. Chemists 
are constantly studying these compounds, making 
new discoveries about them, and learning howto 
rearrange the molecules in order to develop 
more efficient petroleum products. 

In the refining process, hydrocarbon mole- 
cules are rearranged in several ways, prin- 
cipally by: 

1. Breaking down large complicated mole- 
cules (cracking); 

2. Joining together small molecules (either 
polymerization or aUgrlation); 

3. Changing the molecular structure and the 
ratio of carbon to hydrogen atoms by the 
addition of hydrogen (hydrogenation); 

4. Introducing an alkyl group such as methyl 
(CH3); or ethyl (C2H5) into a hydrocarbon 
by substitution or addition (alkylation). 

The processes used to bring about these 
chemical changes are described in the chapter 
on refining. 



COMPOSITION OF CRUDE OILS 

The various hydrocarbon compounds in crude 
oil can be separated into groups of compounds 
having similar boiling ranges. These are called 
fractions. The separation is brought about by the 
process known as fractional distillation. 

The types of hydrocarbons occurring in the 
various fractions of crude oils, in order of in- 
creasing molecular size and boiling point, are as 
follows: 



T^ble 3-2.^Hydrocarbons Occurring In 
Fractions of Crude Oils 



Natural gas frac- 
tion 


Paraffins 


C^ to Cg 


Gasoline Fraction 


Paraffins (chief 






components) 




Aromatic s 






Naphthenes 




Kerosine and fuel 


Paraffins 




oil fraction. 


Aromatic s 
Naphthenes 


Light and heavy 


Paraffins 


Ci8toC45 


lubricating oil 


Aromatic s 


fractions. 


Naphthenes 




Asphalt (not pres- 


Very complex 




ent in all 


compounds 




crudes). 


such as aro« 
matics and 
napththenes. 





CLASSIFICATION OF CRUDE OILS 



No two crude oils are alike. The relative 
amount of each component fraction and the type 
of hydrocarbon in any given fraction differ 
widdy in crude oils of different origin. Even 
crude oils 6btained from different wells in the 
same field may show considerable variation in 
their properties. No concise system has been 
developed for adequately classifying the different 
crudes. However, the simplest and most widely 
accepted system divides crude petroleum into 
three tvpes: (1) paraftin-base; (2) mixed-base; 
and (3) asphalt-base. This classification is 
based primarily on the relative quantities of 
paraffin wax and asphalt in crude oil. The 
paraffin-base crudes, such as those of Penn- 
sylvania, contain large amounts of paraffin wax 
and practically no asphalt; the mixed-base 
crudes, such as those of the Mid-Continent, con- 
tain both paraffin wax and asphalt; and the 
asphalt-base crudes, such as those of the Gulf 
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mixed-abased, some>Kliat on the paraffin side with 
a high sulfur content. A system widely used to 
express the quality of crude oils is based upon 
their specific gravity . Such a system is indicative 
rf. the general character of a crude oil so long 
as cmdes of one of the general ty^es listed above 
are under consideration. 
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Figure 3-13.— Molecule of naphthalene C^QlIgi a polynuclear aromatic. 



Coast and California, contain asphalt but almost 
no paraffin wax. 

Two major sources of oil in the world are 
the Middle Bant area and the northern paH of 
South America. In South America the crudes are 
of a naphthene base and similartothoseof Cali- 
fornia. The crudes from the Middle Eaist aie 
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Figure 3-14.->Molec\ile of ethyl naphthalene, Ci2^12* ^ aromatic hydrocarbon formed v^en one 
hydrogen atom of naphthalene is replaced by an ethyl radical (shown in circle). 
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PETROLEUM PRODUCTION 



^'Petroleum production/' in its mostlimited 
sense, means raising crude oil from xinderground 
geological formations to the earth's surface. In 
a broader sense , petroleum production also in- 
' eludes exploring and drilling for oil and natural 
gas. 

Before discussing the various phasesofpro« 
duction let us consider those fundamentals of 
geology ii^ich influence the formulation; migra- 
tion, and accumulation of oil and natural gas. 



PETROLEUM GEOLOGY 

Petroleum geology is that branch of geology 
in which the geologist studies the nature and 
occurrence of rocks in the earths crust in his 
search for underground conditions favorable to 
the accumulation of oil and natural gas. One of 
the most useful tools of the petroleum geologist 
is the geologic timetable, as illustrated in figure 
4-1. This provides the generalbackground upon 
^ich the detailed search for oil must bebased. 

Types of Rock 

The earth consists of a liquid core, a vitreous 
shelli and a crystalline crust. The earth's crust 
is composed of three main types of rocks- 
igneous, sedimentary, and metamorphic— which 
are classified according to their origin. 

Igneous Rocks.-Igneous rocks, iKdiich at one 
time existed in a molten state, are formed as a 
result of cooling. Some are cooled and solidified 
on the earth's surface as lava. Owing to their 
origin and lack of porosity, igneous rocks are 
rarely oil-bearing. 

Sedimentary Rocks.— Sedimentary rocks are 
formed by the action of wind, water, and ice. 
These forces wear away rocks and soil, carry 



away the worn particlesi and deposit th^m in 
seas, lakeSi deltas, and valleys. They may also 
be formed from the accumulated deposition of the 
mineral remains of animals, from the deposits 
of evaporating land*locked seas, or from chemi- 
cal reactions. These deposits are usually laid 
down evenly, forming strata of varying thick* 
nesses as shown in figure 4*2. Typical deposits 
are sand, bilt, clay, and calcium carbonate which, 
over a long period of time, are changed by the 
process of induration into rocks such as sand* 
stones, shales, and limestones. Accumulations 
of oil occur almost entirely in sedimentary 
rocks. 

In the largest oil field yet discovered in the 
United States-the East Texas Field-oil is 
foimd in sandstone; in most of the huge Middle 
East fields, oil is found in limestone. 

Metamorphic Rocks.^When rocks of any na* 
ture are subjected to great heator pressure— or 
a combination of both— their mineral composition 
is altered and they become known as metamor* 
phic rocks. Slate (a modified form of clay) and 
marble (altered limestone) are common ex- 
amples. Metamorphic rocks are valueless as 
potential sources of oil. Sedimentary rocks, 
originally suitable as oil reservoirs, are so 
changed by the process of metamorphism that 
they oil-storing capacity. 

Origin of Petroleum 

Most geologists believe that petroleum is the 
result of biochemical reactions of minute plants 
and animals, buried in sedimentary rocks. Tem* 
perature, pressure, and possibly other factors 
aid these chemical processes in changing por- 
tions of the plant and animal material into petro- 
leum compounds. These petroleum compounds 
are formeid as small droplets in the small pore 
spaces between individual grains of sand or in 
various types of cracks, fissures, and channels. 
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AGE or ROCKS IN 
WHICH OIL IS FOUND 



50% OF WORLDS OIL; 
RUSSlAi GULF COAST 
ANC CALIFORNIA OF US.^ 
EAST INDIES. VENZUELA} 
IRANi IRAQ 



CRETACE0U54" EAST TEXAS. as.» 

KUWAIT J BAHREIN 



JURASSIC ^ ARKANSAS; ROCKY MTS. 
" ^ ^ OF U.S,i SAUDI ARABIA 



> TRMSSIC ^ NO IMPORTANT POOLS 



^ f WEST TEXAS. U S. 

MISSISSIPPIAN^J PENNSYLVANIA. UJS. 

I MIO CONTINENT, US. 
W DEVONIAN I CANADA 



4" NO IMPORTANT POOLS 
4" NO IMPORTANT POOLS 



Figure 4-1 .^Generalized geologic timetable. 
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Oil Accumulations 




SAND (nNE) 
SHALE 

SAND (COARSE) 
SHAU 

SAND (nNE) 

COAL BED 

UMESTONE 

SHAU 

SANDSTONE 

SHALE 

SANDSTONE 



SHAU 
COAL BED 
SHALE 

SANDSTONE 



Figure 4-2.-*Sedimentary deposits. 
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Originally, the small particles of oil held in 
pore spaces between the individual grains of the 
formation, are scattered over a wide area. These 
small particles migrate as a result of physical 
forces. The physical forces which effect the mi« 
gration and accumulation of petroleum Include 
gas pressure and gravity. Oil and gas, being 
less dense than the water in the pore spaces of 
the formation, tend to rise to the top of the water, 
moving upward through the water-filled pore 
spaces. Then, if they can find a continuous up- 
ward route, they finally reach the earth's sur- 
face. If, on the other hand, oil and gas encounter 
an impervious formation vAiich they cannot pene- 
trate or avoid in their upward movement, migra- 
tion ceases and the oil and gas will accimiulate 
in the pore spaces of the formation underlying 
the impervious formation. 

Oil and gas tend to concentrate in certain 
structural formations (reservoirs) which trap 
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the oil. These structures may be formedby the 
folding, faulting, or tilting of the strata that hold 
or overlie the oil. Earth movements fold, bend, 
distort, or crush rocks in a variety of ways. The 
result of lateral compression is shown infigure 
4-3. 

Oil Structures 

There are many types of structural forma- 
tions favorable to the accumulation of crude oil. 
Among these are anticlines, salt domes, faults, 
and stratigraphic traps. 

Anticlines.-In an anticlinal structure, the 
rocks comprising the crust of the earth are 
folded upward, as shown in figure 4-4. The oil 
and gas are usually foimdonthecrestof an anti- 
clinal structure. An impervious cap rock must 
be present to seal the reservoir and prevent the 
escape of the gas and oU into higher layers. 
This cap rock, In one form or another, must be 
present in all reservoirs to contain the oil and 
gas within the structure. 

Salt Domes.^The salt dome is believed to 
be the result of the intrusion of large masses 
of salt into the sediments where they are found. 
This salt is believed to flow as a viscous 
semisolid when subjected to high pressure. This 
intrusion creates an upward pressure and re- 
sults in the doming of the overlying sedi- 
mentary rocks, as shown in figure 4-5. In this 
type of structure, oil accumulates withintheup- 
turned porous beds about the summit and 
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Figure 4-4.— Anticlinal structure. 



flanks of salt core. Salt domes are found ex- 
tensively in the Gulf Coast region of Texas and 
Louisiana. 

Faults.— A fault is a structural closure 
caused by the fracturing of th« crustal rocks 
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Figure 4-3.-Anticllnal folding resulting from 
lateral compression of earth's crust. 




Figure 4-5.-Salt dome. 
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during earth movements. In the process of fold- In exploring the crude oil, geologists and 

Ing, a reservoir for oil may be formed y^en a geophyslclsts employ a number of scientific 

porous rock Is brought Into contact with an im- mettiods. The most important of these are 

pervious layer, thus forming a trap as shown In geological surveying, aerial photography, and 

figure 4*6. geophysical exploration methods. 



Stratigraphlc Trap.— One variety of strati- 
graphic trap is a formation vAilch pinches out or 
disappiF^ars at its highest point and is overlaid 
by impervious rock. Anothervariety isaforma-* 
tion in which permeability decreases to the ex- 
tent that gas and oil can no longer migrate, and 
therefore accumulate immediately down->dlp 
from the "permeability pinch*out/' A strati- 
graphic trap is shown in figure 4-7. 



EXPLORATION 

In most cases the search for oil is carried 
on scientifically by oil geologists and geophysl- 
clsts. Their task is to find oil, but since only 
the drill can prove or disprove the existence of 
a petroleum deposit, the main concern of the 
exploration scientist is the location of areas 
where the existence of deposits is not improb- 
able. As we have seen In the foregoing section, 
certain conditions must exist in order for an oil 
pool to form. First there must be source' beds 
which contain organic matter from which the oil 
can be derived. Second there must be a perme- 
able horizon, such as sandstone, through which 
the oil can migrate and in which it can collect. 
Third, there must be an impermeable barrier, 
so that migration cannot cortinue all the way to 
the surface. 
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Figure 4-6 .--Fault. 



Geological Surveying (Surface) 

In order to determine \^ether gecfloglcal con- 
ditions have been favorable for the formation of 
oU, the geologist examines the exposed rock. He 
studies the type of rock and identifies its geologic 
age. Knowing the overall geologic history and the 
age of rocks in which oil is found, as shown in 
figure 4-1, he is able to decide whether the rocks 
in question are possible sources of oil. 

Other indications of the presence of oil which 
are of significance to the geologist are asphalt, 
oil, or gas seepages; wax deposits; and some- 
times, sulfur. 

If it is determined that the geologic conditions 
in a region are favorable for the formation and 
accumulation of oil, the region is extensively 
studied to locate structures which might be oil 
reservoirs. 

Surface indications of geologic structures 
exist at points where formations are exposed, 
such as in banks of rivers, quarries, and sides of 
cliffs. A scale model showing a cutaway section 
of an anticlinal structure is shown infigure4-8. 
Measurements are made at these points to deter- 
mine the inclination of thebeds (dip)andalso the 
directicm in Mrtiich the beds extend (strike). 

The accumulation of this information from 
many points is plotted accurately on a map, and 
corr^tions of identical beds over a wide area 
are made to determine the possibility of a favor- 
able structure for oil accumulation. 

In areas vAiere erosion of surface sediments 
has made rock outcrops readily accessible, sur- 
face geology is simplified. Where outcrops aro 
not easily accessible due to covering of top sedi- 
ments, an examination of shallow formations can 
be made by core drilling. 

Geological Surveying (Subsurface) 

Subsurfoce control; i.e. precise knowledge of 
the depth, attitude, and configuration of forma- 
tions deep underground, is often vital to a geo- 
logical analysis of petroleum possibilities. This 
knowledge maybe obtained from the drilling logs 
or electrical logs of wells previously drilled for 
oil or gas, from deep core drilling, and occasion- 
ally from mining records. 
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Figure 4-7.— Stratigraphic trap. 
Photographic Mapping From the Air 

While direct dbservation of the geologic for* 
mations is best, overall physical features of a 
landscape often provide valuable clues to the 
underlying structural conditions. 

Photographic mapping is rapidly becoming 
one of the geologist's chief aids. Not only do 
photographs provide a reliable topographic base, 
hut the use of the stereoscope in studying the 
photographs brings to a point of visibility a sur- 
prising amoimt of geological evidence, especially 
in densely wooded country. With the help of 
photographs, the geologist can see at a glance 
how best to arrange his traverses— the connected 
series of lines of constant bearing on the earth's 
surface, the length and bearings of ^ich have 
been determined— to obtain the maximum geo« 
logical data. 

Geophysical Methods 

Geophysical methods have largely replaced 
other field methods of prospecting for oil. The 



principal geophysical methods include the seis- 
mic, gravimetric, and magnetic methods. 

Seismic Method.— The geophysical method 
most widely used today is the seismic method. 
This method of oil prospecting is based on the 
study of the transmission of waves caused by 
artificial earthquakes. The vibrations are re- 
corded by the seismograph-an instrument origi- 
nally devised to record real earthquakes. 

In oil prospecting, artlfical earthquakes are 
caused by explosives or other oceans. The time 
necessary for these shock iizvea to travel to a 
specific formation and back is recorded by the 
seismograph as shown in figure 4-9. The rate 
at which the shock waves travel varies with the 
character of the matter through ivhich they 
travel. Soft formations are recorded weakly on 
fi\m; hard formations make large Jogs. When- 
ever two beds with different velocity character- 
istics are In close contact, part of the wave 
energy is reflected from this surface. The 
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Figure 4-8.— Cutaway section of an anticlinal structure. 
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Figure 4*- 9. —Seismograph. 



depth of the layer can be determined by measur- 
ing the time taken by a wave to travel from the 
source of explosion at the 3urfacei down to the 
reflecting layer, and back to the surface. 

In seismic prospecting, the seismographic 
equipment is carried in specially equipped 
vehicles which are capable of traveling over the 
terrain being explored. 

Gravimetric Method.— Geological structures 
such as salt domes, anticlines, and faults, cause 
slight variations in the force of gravity. Highly 
sensitive instruments such as thegravimeterare 
used to detectand measure these variations. The 
measurements are interpreted toshowthepres* 
ence of geological structures which warrant 
further exploration. 

Magnetic Method.-^ In this method, a delicate 
instrument, called a magnetometer , is used to 



36 



Chapter 4-PETROLEUM PRODUCTION 



measure the magnetic intensity of the earth from 
place to place. The variations disclosf^ magnetic 
anomalies yMch occur in the earth' ssurfiice and 
indicate possible structural formations. Mag- 
netic surv^s are commonly made from air- 
planes and afford a very rapid means of selecting 
the more promising localities within areas which 
may include many thousands of square miles. 
The magnetometer, however, is incapable of the 
more precise measurements necessary to the 
best selection of a drilling site. For this pur- 
pose the gravimeter or seismograph is used. 

Exploratory Drilling 

Geological surveying, photogrammetry and 
geophysical methods serve to locate geological 
structures vMch may contain petroleum. How- 
ever, the actual presence of oil or gas can only 
be determined by drilling exploratory, or wild- 
cat,** wells-a costly operation. 

Although scientific methods are usually em- 
ployed to determine yf^ere exploratory wells 
should be drilled, some operators still drill 
wells which have been located without the bene- 
fit of scientific investigation. 

After various exploratory methods havebeen 
employed to determine whether favorable struc- 
tures are present, or ^en other evidence indi- 
cates the existence of oil, one or more explora- 
tory wells are drilled to discount positivdy, or 
prove the presence of oil. When simple anticlinal 
structures are present, a single well drilled near 
the crest of such a structure will often indicate 
the producing possibilities of that structure. 
When complex geological structures exist, such 
as salt domes or faults, several exploratory 
wells may be necessary. 

If, in the drilling of a well, a structure is 
found to be productive, development programs 
are formulated for further exploration of the 
area and for conunercial development of the 
field. 



DRILLING 

Drilling Methods 

Two principal methods of oil-well drilling are 
employed; standard or cable tool drilling, and 
rotary drilling. Cable tool drilling, the older 
method, has been largely superseded by rotary 
drilling. Although rotary rigs are initially more 
expensive than cable tool rigs, the rotary system 



has enormous advantages In speed at penetration; 
straightness of hole; ability to control the high 
pressures encountered at depth, and ability to 
reach depths in excess of 25,000 ft, which is 
more than four times the practical capability of 
cable to tools. Cable tool usage is now confined 
to shallow holes and as a completion tool in pro- 
ductive formations which might be damaged by 
the pressure of the mud colimm used in hydraulic 
rotary drilling. 

In the cable tool method^anoil well is drilled 
by the chipping action of a steel bit which is 
alternately raised and lowered to strikethe for- 
mation. The chips mix with water or mud placed 
in the hole and are removed at regular intervals 
by a bailer. 

In the rotary drilling method, a hole is made 
by the cutting action of a bit rotated on the end 
of a string of pipe. Mud-ladenfluidis constantly 
circulated to remove the cut-up pieces of forma- 
tion. 

Rotary Rig 

The construction and operation of the rotary 
rig Is shown in figure 4-10. The rotary drilling 
rig consists of hoisting equipment, drill string, 
rotary table, and mud pumps. The hoisting 
equipment Is called draw works and serves to 
lift and lower the pipe Into the hole as required 
for changes of dull bits or for other operations. 

The rotary table Is generally drlvenby power 
transmitted through the draw works. A typical 
drill string consists of a bit at the bottom, drill 
collars, drill pipe, and Kelly . The Kelly Is a 
square Joint of pipe and wEeiTlt Is placed In the 
square opening of the rotary table, the rotary 
table rotates the string. 

The drill string Is hollow, and a drilling 
fluid Is pumped down through the Inside and 
returned to the surface between the drill string 
and casing to remove the cuttings milled up by 
the rotation of the bit on the formation at the 
bottom of the hole. The swivel at the top of the 
Kelly allows the fluid to be pimiped to the drill 
pipe while It Is being continuously rotated. The 
fluid Is In most cases a specially-prepared 
water-base mixture of barite and bentonlte with 
various chemical additives, but It may be clear 
water, or compressed air or natural gas. Liquid 
fluids are circulated down the hole and back to 
the surface by heavy pumps, while circulation of 
air or gas Is by batteries of compressors. On 
return to the surface, cuttings are removed by 
gravity, usually assisted by mechanical shakers 
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Figure 4«*10.»Rotary drilling rig. 



and the mud Is recirculated. In the case of air 
and gas the cuttings fkll to the ground at the 
point at ^Ich the air .or gas Is vented to the 
atmosphere. 

At from one to five points in the drilling of a 
welly depending upon depth and formation char- 
acteristics, the drill string is removed and steel 
casing placed in the hole aM cemented. 

Portable Drilling Rigs 

Portable drilling rigs are shown in figure 
4-U . Portable rigs are becoming increasingtly 



common in drilling operations, owingto advanced 
design and structure, strength and materials, 
transportation facilities and cost advantages. 

The method employed for drilling with a port* 
able rig is the same as that described for the 
rotary method. The major advantage is in- 
creased speed in rigging up and tearing down. 
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Figure 4-il.— Portable drilling rig. 
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Types of Bits 

Many different types of bits have been used in 
rotary drilling. Thetwoof major importance for 
normal drilling purposesarethedragbit^andthe 
rock bit. These are shown in figure 4-12. In 
addition to these bits a diamond bit and core 
barrel combination are being used for drilling of 
certain formations. 

The drag bit > when rotated, creates a slicing 
or chiseling action* Drag bits are used mainly 
in soft formations. The nozzles in a drag bit 
through v^ich the drilling mud emerges from the 
drill string are so designed and positioned that 
much of the cutting action is actually an erosion 
of the formationby the high-velocity mud stream* 

The rock bit may be of two types— the roller 
type or the cone type. These bits have cutters 
which roll on bearings. As they roll, they tend 
<;o gouge and chip the formation against which they 
are placed. The diamond bit has industrial dia- 
monds set in a circular matrix which is rotated 
to grind up the formation being drilled. The 
center of the bit may be hollow and In such cases 
the drilled formation passes through this hole to 
a corebarrelabovethebit. When the core barrel 
becomes full it is removed from the well and the 
core removed* 

Completion Methods 

The primary purpOv<ie is using the methods of 
drilling described above is to make a hole in the 




Figure 4- 12*— Types of bits: 
(A) drag bit, (B) rock bit* 
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ground through >»Aiich the oil and gas can be re- 
covered from the underground reservoirs. Once 
a production formation has been penetrated, cer- 
tain operations, called completion methods, are 
employed. These methods have a bearing upon 
how efficiently and economically the oil can be 
produced. 

The number of Individual methods for com- 
pletion of a well are too numerous to explain 
here* Therefore, two general completion meth- 
ods under which all weUs may be classified, are 
described briefly. These are the open-hole and 
the cased-hole method, illustrated in figure 4-13* 
Other methods can be used in conjunction with or 
in addition to the two methods mentioned. 

In the open-hole method, a string of pipe is set 
and cemented on top of the producing formation. 
The formation has no protective barrier below 
the bottom of the pipe, and the formation is open 
to the well bore* 

In the cased-hole method^ after the hole is 
drilled to its total depth through the producing 
horizons, the casing is set and cetnented, through 
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Figure 4-13*— Open and cased holes* 
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the producing horizon. To produce the oil, the 
pipe opposite the producing formation is perfo- 
rated. This may be done either before or after 
the pipe is placed in position. In the latter case, 
perforations are made by shooting projectiles 
through the casing in order to open channels to 
the formation. 

There are certain standard practices which 
may be used to Increase production when the well 
is first completed, or at some later stage of its 
life If the conditions are favorable. Two such 
methods are: (1) acidizing; and (2) hydrafratc. 

Acidizing.— Acidizing can be tised in either 
open-hole or cased-hole completions— primarily 
in limestone formations although It has been used 
in sandstones which have a high calcareous con- 
tent . In this method, hydrochloric add Is pumped 
outward fromthewellbore, and through the pores 
of the formation until no acid is left In the wdl 
bore . This add Is allowed time to react and dis- 
solve the limestone. The acid and dissolved 
limestone are then removed from the well, 
leaving larger flow channels through the forma- 
tion. 

Hydrofrac— This method creates highly per- 
meable flow channels through the formation, 
radiating out from the well bore. In principle, a 
special solution with solid material In suspension 
is placed at the bottom of the well. 'Pressure Is 
then applied until the formation Is fractured, 
opening channels into which the gel and sand are 
pumped. This Is allowed to set for a certain 
period of time, after which the gel becomes a 
solution and is removed, leaving the fractures 
filled with highly permeable material. 

When all operations have been completed for 
a particular well, and the well is tobe placed in 
production, the normal practice is to place a 
string of small-diameter pipe inside the casing. 
This pipe is called tiiblng and may be used as a 
flow channel fortheoiiiooe lifted to the surfoce. 
After this string of pipe is placed in position, a 
series of valves is installed. In order that the 
well can be shut in or produced at a controlled 
rate. This series of valves, ishown in figure 
4-14, hasbeen named the C hristmas tree because 
of its complicated appearaiice^ 

PRODUCTION METHODS 

Once the well has been drilled and completed 
in the manner dictated by experience and engi- 
neering design, it is ready to be produced— that 



is, the oil removed from the ground and reduced 
to capture in surface storage. 

Primary Production 

Before the oil can be lifted to the surface, it 
must first flow into the well bore from the sur- 
rounding formation. Natural forces existent in 
the reservoir formation force the oil into the 
well bore. These natural forces Include: (1) 
expansion of gas mixed with or overlying the oU, 
(2) capillary forces exerted by water below or 
behind the oil, and (3) gravity drainage. 



OIL AND GAS 
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Figure 4-14,^Christmas tree, 
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The first two of these forces may create suf- 
ficient pressure to force the oil to the surface. 
If they are too weak to do so (although still 
strong enough to force the oil into the well 
bore), the oil must be lifted to the surface 
artifically— either by using pumps orby the gas- 
lift principle. In the latter case, gas is injected 
either into the casing, causing the oil to flow 
from the tiibing^or into the tubing, causing the 
oil to flow from the casing. 

Secondary Production 

Once the oil ceases to flow into thj^ well bore 
by natural forces^at a rate high enough to 
guarantee an economic return^the well is 
abandoned, or secondary methods are employed. 
Secondary recovery methods usually emifloy 
water, gas, air, solvents, or steam to drive the 
oil from the formation into the well bore. 

The use of water in a reservoir to produce 
oil after all primary methods are e^diausted is 
called water flood or water injection. Water is 
inj ected into the formation through selected wells 
and oU is removed from the surrounding wells 
until water production of the oil-producing wells 
becomes excessive. Various patterns are used 
for location of injection and producing wells to 
maintain the most efficient operation. One pat- 
tern is shown in figure 4-15. 

The use of air or gas for secmdary recovery 
methods is usually termed gas drive or air 
drive , as the case maybe. Here again, a system 
of injection and producing wells is employed. 
Production is continued until the gas-oil ratio 
of the producing wells becomes excessive, 
reaching its economic limit. 

The most modern of secondary recovery 
methods are of a thermal nature. Heat, vAiether 
induced in the reservoir by steam injection or 
by controlled combustion of part of the oil in the 
reservoir, lowers the viscosity of the oil and 
facilitates its movement toward a producing 
well. In the case of conibustion, the gases 
generated by combustionprovideadrivingforce. 

Once the oil has been forced into the well 
bore by one or more of the above-described 
systems, it is lifted to the surfttce by the same 
methods as those employed during the primary 
production period. 

The process of artificially energizing reser- 
voirs before native energy is exhausted has 
become common whenever engineering studies 
Indicate that the maximum ultimate recovery of 
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Figure 4-15.— A pattern for injection and 
producing wells. 

oil will thereby be obtained. Also, and although 
any process of artificially energizing a reser- 
voir is casually referred to as secondary 
recovery, it is common to follow one secondary 
process with another, and sometimes a third, 
iitilizing each until it reaches the limit of its 
ability to make recoverable oil vrtiich otherwise 
would have to be abandoned. 

During the past two decades, much progress 
has been made in designing and operating second- 
ary recovery projects for the recovery of oil 
from previously depleted fields. T!;e oil made 
available by secondary recovery methods has 
in recent years added materially, to the Nation's 
reserves. Bilany organizatiuns such as the 
American Petroleum Institute, and thePennsyl- 
vania Grade Crude OilAssociationhaveinitiated 
and are continuing to carry on research and 
experiments to Increase the amount of oil 
recovered by these methods. 
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Pressure Maintenance Production 

Prior to reaching the economic limit of pri- 
mary production, pressure maintenance may be 
employed to increase the total amount of oil 
recovered from the reservoir before secondary 
recovery methods are required. 

The chief ptirpose of pressure maintenance 
is explained by its title. In this method, reser- 
voir pressures are maintained at or above a 
predetermined pressure indiich will give the 
maximum amoxmt of oil production at the lowest 
producing cost. 

The decision to operate a reservoir as a 
pressure maintenance project must be based 
upon a thorough and completie engineering study. 
The complexities of such studies preclude a more 
complete discussion of the subject in this book. 

Conservation 

In the early days of the oil industry, the law 
of capture >vas the rule. Oil which could be 
reduced to capture and put in storage tanks was 
considered to be the property of the person 
owning those tanks, regardless of whether the 
oil came from under his property or his 
neighbor's, and without regard to the injury 
done to the reservoir by wide-open production. 

To prevent this injury to our reservoirs and 
to preserve this important natural resource of 
the nation, conservation measures have been 
enacted by most oil-producing states. Results 
of these laws have been: (1) decreased waste of 
natural gases separated from the oil and dis- 
persed to the atmosphere; and (2) greater ulti- 
mate recovery of oil from reservoirs through 
proper and efficient use of good«engineering 
practices. 

Methods of Removing 
Contaminated Material 

In many fields, the production of oil is as- 
sociated with the production of water. Dependent 



upon the type of crude produced, the quantity of 
water produced, the. amount of agitation of the 
mixture, and other factors, emulsions made up 
of oil and water may be formed. When emulsions 
are formed, they must be broken and the water 
removed from the oil prior to movement of the 
oil from the field to the refinery. 

Where emulsions are not formed, the oil and 
water are separated by flowing the mixture into 
a tank; the water is removed from the bottom 
of the tank; and the oil is removed at some level 
above the oil-water contact. This method may 
also be used where emulsions are easily broken 
if a period of settling is allowed before removing 
the clean oil accumulated on top of the water. 
Where emulsions are hard to break, other 
methods, in conjunction with settling, must be 
used. These include chemical methods, elec- 
trical methods, and the addition of heat to the 
oil. Combinations of these methods^ such as both 
the addition of heat and a chemical method^ may 
be used, depending upon the most economical 
and efficient procedure as determined by engi- 
neering analysis. 

Storage and Transportation 
of Crude Petroleum 

As the crude oil comes from the ground, it 
is made up of both gases and liquids. Before 
placement in field storage tanks, the mixture is 
passed through a separator )Kliich separates the 
gas from the liquid. The gas is sold for com- 
mercial use, vented to the air and flared, or 
returned to the producing formation through 
injection wells. The liquid is placed in storage 
tanks tmtil time to be moved to the refinery. 

In the continental United States, the major 
portion of the liquid petroleum is transported by 
pipe line. Other methods of transportation are 
tank car, tank truck, and barge. 

Shipment by tankers is becoming increasingly 
important for the importation of crude oil from 
foreign sources. 

Upon arrival at the refinery, the crude oil is 
again stored until it is needed for refining. 
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Refining is essentially a manufacturing in« 
dustry, using crude petroleum as its raw ma* 
terial to make numerous petroleum products. 
Refineries vary in size. For example, in the 
United States refineries range in processing 
capacity from 75 barrels per day to 365,000 
barrels per day. The smallest foreign refinery 
has a daily capacity of 140 barrels while the 
largest has a capacity of 460,000 barrels per 
day. Refineries also vary in type. For example, 
some are skimming (topping) plants which turn 
out only one or two cuts of light distillate and 
residuum fliel oil; others are cracking plants, 
while still others are complete refineries, equip- 
ped to make a full range of products. Since 
crude oils vary in their yields of raw products, 
no two refineries employ exactly the same proc* 
esses. Each is equipped to refine the available 
crude by the methods which produce the most 
profitable commercial products at the least cost. 



UNITED STATES REFINERY OPERATIONS 

Refinery operations in the United States 
between 1939 and 1963 are shown in figure 5*1. 

Concentration of Refining Capacity 

At the present time, 75 refineries, or 26 per* 
cent of all U.S. operating r^ineries, account for 
roughly 56 percent of all the crude oil runs to 
stills in this country. The largest refining 
company only accounts for slightly more than 9 
percent of U.S. refining capacity. 

Refineries are largely concentrated near 
major producing areas or major consuming 
areas. They are located throughout the pro- 
ducing areas of the Gulf Coast and the Middle 
West, the consuming areas near New York, and 
in the west and west coast regions. However, it 
was estimated at the beginning of 1964 that about 
half our total refining capacity is concentrated 



in Texas, Louisiana, and California. Refineries 
are most frequently located at coastal points 
because of the extensive use of tankers for 
delivering crude oil to the refineries and trans* 
porting finished products to consuming areas. 
The development of oil pipelines, however, has 
made it possible for refineries to be Ir-^ated 
near major consuming areas whether or no they 
are coastal. 

Refineries constitute the manufocturingseg* 
ment of the petroleum industry. Hundreds of 
thousands of wells furnish the crude oil to the 
relatively few refineries yribich process the oil 
into more than 2500 products y^ich are then 
distributed through several hundred thousand 
market outlets to millions of customers. To 
ensure that the entire process runs smoothly 
and that demands for petroleiun are met, oil is 
kept constantly on the move from the well to 
the consumer. Refineries operate day and 
night— a classic example of continuous flow 
operation. Careful planning is also essential to 
meet the daily demands of a nation that depends 
on petroleum for three-quarters of its energy 
supply, and to meet the increased demands in 
event of emergency. 

Government and industry representatives are 
working together to formulate plans for safe« 
guarding our petroleum supply network in the 
event of enemy attack. Experience during the 
last war indicated that a refinery is, in general, 
quite resistant to conventional bombing, because 
it consists of several independent units. If some 
units are damaged, they can be bypassed and the 
plant as a whole continued in operation. How* 
ever, it is adjudged that the situation would be 
different in the event of atomic attack. 

United States Crude 
Oil Capacity 

The crude oil capacity of a refinery repre* 
sents the maximum daily average crude oil 
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throughput of a plant in complete operation, 
with allODvance for necessary shutdown time for 
routine maintenance, repairs, and the like. It 
approximates the maximum daily average crude 
oil run to stills that can be maintained for an 
extended period. 

According to U>e Bureau of Mines annual 
survey of refinoi:^ capacity, there were 282 
petroleum refineries operating in the lAiited 
States as of 1 January 1964, with a total daily 
crude oil throughput capacity of 10,063,164 
barrels.^ 

United States Cracked 
Gasoline Capacity 

Cracked gasoline and reformed gasoline 
capacity represents the amount of gasoline that 
can be produced on a daily average basis under 
maximum sustained throughput of charging 
stocks of the types in current use. 

The process of cracking is employed to in- 
crease the yield of gasoline per barrel of crude, 
to improve the quality of gasoline, and to reduce 



^U.S. Bureau of Mines,' 'Petroleum Refineries 
in the United States, January 1, 1964'\ 



the cost per gallon of gasoline yield. Products 
^ich are catalytically cracked are generally of 
higher quality than those which are thermally 
cracked. The catalytic cracking process was 
introduced commercially in 1937 and is being 
increasingly used in the manufacture of gasoline. 
Because this process is essential intheproduc- 
tion of high-quality motor and aviation gasolines 
today, the capacity ofthe United States to produce 
this product is an important logistic considera- 
tion. 

Product Availability 

In any barrel of crude, the sum of the parts 
equals the ^Aiole. Thus, if the yield of any frac- 
tion is increased, it must be at the expense of 
another fraction as illustrated in figure 5-2. 
For example, ] et fuel and kerosine are made from 
similar fractions. Thus, overall programming is 
required to ensure that one of these products is 
not produced at the expense ofthe other. Overall 
plaiming is also necessary in times of national 
emergency to meet essential civilian as well as 
military requirements. One of the major prob- 
lems in World War n was meeting military re- 
quirements for high grade aviation gasoline. As 
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Figure 5« 2.— Comparison of available liquid petroleum products, by percent, in 1940 and 1963. 




a result, the production of motor gasoline was 
curtailed and civilian gasoline rationing In- 
stituted. While wartime changes in refinery 
yields result In sacrifice on the part of civilian 
consumers, this ability to change the yield of a 
barrel of crude is a distinct advantage in planning 
and meeting requirements. 

The problem of availability has affected the 
development of Jet fuel, particidarly JP-1, the 
first Jet fuel developed for United States military 
use. JP-1 was abandonedbecause its availability 
was considered to be only 3 percent of the 
average barrel of crude. JP-3 was then de«- 
veloped. Its potential availability is considered 
to be 60 percoit of the average barrel of crude 
petroleum. There were, however, objections 
to the performance of this fuel, and siibsequently 
JP-4 was developed to overcome the perform*- 
ance disadvantage of JP-3 and yet meet avails- 
ability requirements. While the vapor pressure 
limitation on JP-4 lowers its availability to some 
extent, its potential availability is considered to 
be approximately 35-45 percent of the average 
barrel of crude petroleum. JP-5 was then 
developed to provide a fuel that is relatively 
safe for storage and use aboard aircraft car- 
riers and other ships. The high flash point and 
low freeze point requirements for JP-5 fuel 
restricts its availability and eliminates the use 
of certain crudes. Recent developments iti 



refinery processing methods have greatly im- 
proved the availability of JP-5 fuel. Its poten- 
tial availability is considered tc be approxi- 
mately 6 percent of the average barrel of 
crude. JP-5 ia the Navy's pr imary Jet fuel. 

Petroleum Technology 

Technological advances in petroleum refining 
have yielded products of improved quality and 
increased ^quantity. Such advances mean a more 
efficient utilization of our crude oil reserves 
since products of an enhanced economic worth 
are obtained from crude oil fractions of less 
value. 

Todayi the petroleum industry is producing 
enormous volumes of specialized products, not 
only for motor and aviation fuel use, lubricants, 
heating oils, fuels for industrial use, and many 
others, but also for use by those industries 
requiring organic chemicals that can be pro- 
duced from petroleum. Today, more than 68 
percent of all synthetic organic chemicals manu- 
factured in the U.S. is derived from petroleum 
raw materials. Petrochemicals account for 35 
percent of chemical production and 70 percent 
of the production value of all chemicals. Yet 
to produce the large quantities of petrochemi- 
cals -only} requires 4 percent of the crude oil 
and natural gas produced in this cotmtry. 
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According to the American Petroleum In- 
stitute, a representative refinery, with a capacity 
of 100,000 barrels a day, costs 125 million 
dollars. Some refineries are much larger than 
this, capable of refining 365,000 barrels a day, 
while others are small plants, refining as little 
as 75 barrels a day. (View of a modern re- 
finery is shown in fig. 5*3.) 

Crude oils vary in their yields of raw pro- 
ducts because of the differences in the relative 
amount of each component fraction and in the 
type of hydrocarbon in any given fraction. 
(The difference in the raw products yield of 
several types of crude is shown in fig. 5-4.) 



Consequently, no two refineries employ exactly 
the same processes, but each employs only 
those processed! which will produce from the 
available crude ine most profitable commercial 
products at the least cost. 

Although many different processes are used 
in refining, only the major ones are discussed 
here. An overview of refinery operations is 
shown in figure 5-5, which traces crude oil 
from the well to the finished products. The 
major processes, which may be subdivided as: 
(1) separation processes, and (2) conversion 
processes, are summarized in the following 
two sections. 
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Figure 5-3.— View of a modem refinery. 
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Figure 5-4.^Comparison of various types of 
crude oil with respect to raw products yield. 



SEPARATION PROCESSES 

Separation processes arephysical processes 
employed to segregatethehydrocaibons in crude 
oil according to either boiling range, or hydro- 
carbon types. The process of fractional dis- 
tillation is used to separate hydrocarbons into 
groups having similar boiling ranges. Absorp- 
tion is used to extract hydrocarbons from gases. 
Solvent extraction is employed to separate 
hydrocarbons according to type. These separa- 
tion processes are described in the following 
sections, with emphasis on distillation because 
it is employed in all cases as the first step 
in refining. Absorption and solvent refining 
are secondary steps which nuty or may not be 
applied, depending on the end product desired. 

Fractional Distillation 

As explained in chapter 3, crude petroleum 
is a mixture of many complex hydrocarbons, all 
of which have different boiling points. By ttie 
process of distillation, the various hydrocarbon 
compounds in crude oil can be separated, 
physically, into groups of hydrocarbons (frac- 
tions or cuts) having similar boiling ranges. 
The boiling ranges are shown in figure 5-6. 
(It should be noted that since each fraction 
has a boiling range , rather than, a boiling 
point overlapping occurs.) Because of the 
dfflerence in boiling ranges, different frac- 
tions are vaporized at different temperatures. 
The process of distillation includes: (1) heat- 
ing the crude oil to form vapors, and (2) 
condensing the vapors to liquids. 



To effect the separations required in modern 
petroleum refining, not one but many distilla- 
tions are necessary. These distillations are 
carried out as a continuing process in >i\Aiich 
a stream of heated crude oil is continuously 
charged to a actionating tower and the vapors 
and bottoms continuously withdrawn. 

The first distillation usually takes place 
at atmospheric pressure. In this process, the 
light ends (fraction having the lowest boiling 
point) are drawn off. This process is frequently 
referred to as stripping because the crude is 
stripped of its more volatile components. It 
is also called topping or reducing . The residue, 
known as topped crude or reduced crude is 
then ready for further processing. 

The topped crude, stripped of its lower 
boiling fractions, requires much higher tem- 
peratures for further separation than does the 
original crude. However, extreme tempera- 
tures cause cracking (decomposition) wliich 
adversely affects products manufactured from 
topped crude. Tc avoid this cracking, but at 
the same time to bring about the desired sep- 
aration, distillation of topped crude is often 
carried out under vacuiun. The residue from 
the vacuum still is known as residuum. 

The major equipment required for the pro- 
cess of distillation consists of: (1) stills in 
which the charge is heated; (2) towers in which 
the variotis boiling fractions are separated; 
and (3) condensers in which the vapors are 
converted to liquids. The first two tjrpes of 
equipment are described briefly below. 

1. Stills.— Crude distillation may be accom- 
plished in a shell still, which is now 6bsolete, 
or in a pipe still. When using shell stills, 
the oil was charged into a closed cylindrical 
shell or into a series of such shells. Heat, 
generated in a firebox under the still, is ap- 
plied to the outside of the still. 

The pipe still is a more modern and more 
efficient unit. In the pipe still, the oil is 
pumped through a coil of pipes arranged in 
a suitable heating chamber. After leaving 
the heating zone, the hot oil runs to a frac- 
tionating tower where a portion is taken off 
overhead, as vapor, and the liquid portion con- 
tinuously removed. 

2. Fractionating Towers. -Fractionating 
towers are vertical steel, cylindrical vessels. 
(See fig. 5-7.) The towerd vary in size de- 
pending upon their use but may be as high as 
100 feet, and as wide as 28 feet in diameter. 
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Figure 5-6.-Boiling range of fractions. 
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Bubble cap-type fractionating towers con- 
tain varying numbers of trays, the number of 
trays depending upon the separations desired. 
Each tray is perforated by many holes, each 
hole having a lip several inches high* (See 
fig. 5-8.) An inverted steel cap (bvUMe cap) 
fits loosely over each hole and extends be- 
neath the surface of liquid condensed on the 
trays. A downflow pipe extends from each tray 
to the tray below. Throu^ this pipe, excess 
liquid works its way down through the towers. 
This liquid, known as reflux, serves to con- 
dense the vapors. (To condense vapors, latoit 
heat which made them vapors must be removed. 
When the vapors are mixed with the liquid, 
the liquid takes up the latent heat which, in 
turn, causes evaporation of some of the liquid.) 

Heated oil ttom the pipe stills enters the 
tower near its base and, vaporlztaig, passes 
up through the holes of the tray directly above. 
As the vapors rise in the bubblcf caps, they 
are forced back into thB liquid on the tray. 
BtAbling through the liquid on the tray, some 
of the vapors condense and are drawn off at 
the side. Uncondensed vapors rise to succeed- 
ing trays where the condensation and evapora- 
tion cycle ii9 repeated. Oasoline, a light frac- 
tion, Is the first to turn into a vapor and the 



last to recondense. Therefore, it rises to the 
top of the tower as a vapor and is removed. 
(This fiaction is known as straight-run gaso- 
line.) The other fractions are withdrawn from 
trays lower In the tower as they condense, the 
fraction with the highest boiling point being 
drawn off at the bottom of the tower. (The 
order in which the various fractions condense 
is shown in fig. 5-5.) 

Bubble cap trays are only one type of tower 
packing. There are several alternate devices 
used. Bubble cap trays are common and are 
used here as a typical case. 

Absorption 

In refining crude oil, hydrocarbon gases are 
formed. These gases may be sold for con- 
sumption or used as fuel in the refinery. 
However, they contain certain hydrocarbons 
(primarily butane and pentane) which are de- 
sirable for the manufacture of gasoline and 
other products. These hydrocarbons are re- 
moved from the gases Iqr absorbing them in 
an oil with a high affinity for the light hydro- 
carbons. Mineral seal oil, which has a slightly 
higher boiling range than keroshie, has been 
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Figure 5-8.— Bubble trays. 



widely used in the past, but more recent prac- 
tice employs an even lighter oil such as kero- 
sine. (The closer an oil is to the weight of 
the hydrocarbons it is absorbing, the better its 
absorption qualities. However, if it is too close, 
subsequent separation becomes difficult.) 

In the absorption process, the mixture of 
gases is pumped into the bottom of an absorp- 
tion tower. Absorption oil is simultaneously 
passed in at the top of the tower. As the gases 
ascend, the absorption oil descends over and 



through the tower packing, absorbing the higher 
boiling fractions from the gas. The absorption 
oil carrying the absorbed hydrocarbons passes 
out at the bottom of the unit and then to a frac- 
tionating tower ^ere separation of the absorbed 
material from the absorption oil takes place. 
The oil goes in a continuous cycle and returns 
to the absorption tower. The absorbed material, 
now separated from the oil, and designated as 
absorption plant naphtha, is sent to other towers 
for further fractionation. 

Solvent Extraction 

Each boiling point fraction, separated by 
fractional distillation of crude oil, contains 
various types of hydrocarbon molecules. In 
order to separate the types of compounds or 
to extract compounds desired for other uses, 
a third component (solvent) is frequently em» 
ployed. This process is used in refining lubrl« 
eating oils, and in refining other oils for 
specialized purposes. Extraction is also used 
for separating specific compounds such as 
benzene, toluene and xylene from complex mix« 
tures. 

By this physical process the mixture is 
separated into two fractions. That portion of 
the oil which remains undissolved and is not 
removed by the selective solvent is called 
raffinate. The material removed with the 
solvent (and later separated) is called extract* 
Many different solvents are employed in the 
petroleum industry, the choice of the specific 
solvent depending upon the compounds to be 
extracted. 

CONVERSION PROCESSES 

Most of the components separated by the 
distillation of crude oil must undergo certain 
conversion processes before they become mar« 
ketable products. In the conversion processes, 
the ratio of carbon to hydrogen is changed 
and the size and arrangement of the hydro- 
carbon molecules are altered. Desired con« 
version may be accomplished by emploiiring 
one or more processes such as: (1) crack- 
ing; (2) polymerization; (3)alkylation;(4)hydro« 
genation; (5) dehydrogenation; (6)isomerizatlon; 
(7) reforming; and (8) combination processes 
which involve reforming and hydrogenatlon. 
These processes are described briefly in the 
following pages. 
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Cracking 

Cracking is the process of subdividing large 
hydrocarbon molecules into smaller ones. When 
molecules are heated, the effect is to weaken 
the grasp that one atom has on another. If 
the temperature is sufficiently high and is 
maintained in that condition long enough, it 
is possible to break some of the mutual bonds 
between the carbon atoms. This results in the 
breaking up or cracking of the original mole- 
cule into two or more smaller molecules. 
A simple cracking reaction is that of propane 
(C3HA) cracking into ethylene (C2H4) and meth- 
ane (CH4). A more complicated equation is 
the basic reaction occurring in a cracking plant 
^ere gas oil with an average molecular weight 
equivalent to (CioHoa)^ is cracked to methane 
(CHa), butylene (CiHo), coke (2C), dodecane 
(Ci^26^» heptane (C7Hl6)» and hydrogen (2H). 

Commercially, the purpose of cracking is 
to increase the yield of gasoline per barrel 
of crude by subdividing large hydrocarbon 
molecules to form the li^er hydrocarbon 
components of gasoline, and to improve the 
quality of gasoline. 

Cracking is accomplished by means of heat. 
The rate and severity of cracking is a direct 
function of the temperature to which the oil 
is raised by application of heat and the time 
allowed for the reaction. The reaction may 
be accelerated by the use of a catalyst. Pres- 
sure is used in cracking units to confine the 
volume of oil and vapors to manageable size. 
Pressure does not accomplish crackings in 
f^ct, it has a slight tendency to suppress crack- 
ing and a definite tendency to promote poly- 
merization (the opposite of cracking) of the 
products of the cracking reaction. By careful 
cmtrol of the temperature at ix^ich the crack- 
ing reaction is carried out, the maximum of 
desirable constituents can be produced. Ex- 
tremes of temperature and time would convert 
any oil to lig^t gases and coke. 

A cracl^ig process using only temperature 
and time is called Thermal Cracking. When 
a catalyst is added, the process is called 
Catalytic Cracking. A catalyst is a std>stance 
which will influence a chemical reaction with- 
out being changed itself. 

Two types of charging stock are processed 
in crackta^ units. Type I is a residual ma- 
terial which in itself may vary within wide 
extremes from a topped crude (a crude oil 
from which only gasoline has been removed) 



to a heavy residuiun M\1iich may be the residue 
of a crude oil after having been stripped under 
vacuum. 

Type 2 is gas oU which has been distUled 
from crude oil. The term gas oil also covers 
a wide variety of materials ranging from a 
light cut of oil little heavier than kerosine 
to a wide cut gas oil containing everything 
in crude oil heavier than gasoline, except 
the very heavy residuum. 

Although some refiners charge topped crude 
to catalytic cracking units, this practice is 
not widespread because of the high coke yield 
from the heavy part of the cnide Ti^ich ac- 
cumulates on the catalyst reducing its effi- 
ciency and creating other problems in the op- 
eration of the process. Gas oil is the more 
conventioi^al charge stock for catalytic crack- 
ing units. 

The methods of thermal and catalytic crack- 
ing are described in the following paragraphs: 

1. Thermal Cracking.-In thermal crack- 
ing, the charge stock is subjected to intense 
heat and pressure for a period of time. Nor- 
mally, this process operates at a temperature 
of approximately 900 F and under a pres- 
sure of 200 to 750 pounds per square inch. 

Thermal cracking produces a mixture of 
hydrocarbons that closely resembles crude oil 
with respect to boiling range. The mixture is 
distilled right in the cracking unit, and those 
parts of the mixture vAUch are not desired 
for finished products are returned to the crack- 
ing zone so that the net products are: (1) 
dry gases (methane and ethane) and (2) lique- 
fiable petroleimi gases (essentially propane and 
propylene), (3) cracked gasoline, and (4) either 
heavy fuel oil or coke. 

2. Catalytic Cracking.-^ There are three 
main types of catalytic cracking: (a) the static 
or fixed bed process; (b) the moving bed pro- 
cess; and (c) the fluid process. The fluid process 
is most widely used and a diagram of this pro- 
cess is shown in figure 5-9. 

In the fluid catalytic cracking process, a 
fine sand-like porous material is used as the 
catalyst. As cracking takes place carbon is 
deposited on the surface of the catalyst. This 
carbon is burned off after which the catalyst 
can be used again and again. The removal of 
carbon from the catalyst is known as regenera- 
tion. The catalyst flows continuously between 
the two process stages of reaction and re- 
generation, propelled by gases. Because the 
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Figure 5-9.»Dlagram of fluid catalytic cracking process. 



catalyst flows like a liquid, the process is 
called fluid catalytic process. 

End products of the catalytic cracking pro- 
cess are fuel gas; propane-prppylene; butane- 
butylene, which are fed into the light ends 
recovery system; pentanes and light gasolines 
which may be blended directly into motor gaso- 
line; heavy gasoline which after further treat- 
ment may be blended Into a motor gasoline 
production system; light gas oil which can be 
used In various commercial products or re- 
turned to the cracking zone; and heavy gas 
oil vAiich can be charged into thermal crack- 
ing units. 

Polymerisation 

IWhereas the process of cracking breaks 
down large, complicated molecules Into simpler 
ones, the process of polymerization combines 
small mcflecules into larger ones. Specifically, 
lie^t olefins are combined toformhydromrbons 
of high molecular weight. For example, two 
molecules of isobutylene (C4HA) may be com- 
bined to form one molecule m di-is6butylene 



(CgHig). The product formed by the union of 
two identical olefin molecules is referred to as 
a calmer. That formed by the union of three 
sudi molecules is known as a trlmer. Two 
unlike molecules may also be combined result- 
ing In a product known as a copolymer. The 
process of combining molecules can be con- 
tinued until large, heavy molecules are formed. 
Thus, the refiner utilizes byproduct gases to 
produce a wide variety of products ranging from 
liquids used as blending iii gasolines, to solids 
vAich can be used as plasticizers. 

Polymerization of propylene and butylene 
in a mixture to produce a constituent of motor 
gasoline is the most common polymerization 
operation. The process most commonly used 
employs phosphoric acid as a catalyst. The 
product of the reaction is a mixture of heptenes 
and other olefins. 

Alkylation 

Alkylation, like polymerization, is a process 
whereby hydrocarbons are combined. In the 
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alkylation process, however, paraffinic hydro- 
carbon (generally considered imreactive) is 
combined with an olefin to produce a paraffin 
of branched structure, a highly desirable com- 
ponent of both automotive and aviation gasolines. 
The result of this combination is known as 
alkylate. The help of a catalyst is necessary 
to bring about the reaction. 

The process of alkylation makes possible 
the combination of some of the natural and 
stable light hydrocarbons with the 1(^9 3 stable 
gases produced by cracking. This process was 
developed during World War n to increase the 
availability of source materials required for the 
manufacture of aviation gasoline. At that time 
the process was used primarily to produce avia- 
tion alkylate from isobutane and butylene; but 
propylene, ethylene, and pentylene can also be 
alkylated with isobutane. 

There are two types of alkylation processes 
in wide use. They are: (1) the sulfuric acid 
process, and (2) the hydrofluoric acid process. 

Hydrogenatlon 

The hydrogenatlon process adds hydrogen 
to the hydrocarbon molecule. Hydrogenatlon 
may be either nondestructive or destructive. 
In the former, hydrogen is added to the mole- 
cule only if, and where, xmsaturatlon with re- 
spect to hydrogen exists. The boiling range 
of the product, resulting from nondestructive 
hydrogenatlon, is substantially the same as 
that of the charge stock. 

Nondestructive hydrogenatlon processes are 
extensively used in the United States and are 
known by the trade names as hydroforming, 
hydrofinlng, hydrodesulfurization, and other 
processes some of ^ich have proprietary 
names. In all of these processes, some degree 
of dehydrogenatlon of certain types of hydro- 
carbons called naphthenes takes place. The 
hydrogen from the naphthenes attacks suUtir 
In the charge stock, forms hydrogen sulfide 
which is removed from the system with the 
gases. Other hydrogen adds Itself to the avail- 
able olefins present; the remainder of the hy- 
drogen escapes with the light gases. The pro- 
duct of nondestructive hydrogenatlon has a 
boiling range little changed from the boiling 
range of the charge stock. The Important 
changes that take place are: (1) naphthenes 
are converted to aromatic hydJrocarbons which 
are highly desirable for high performance gaso- 
lines, (2) olefins are converted to paraffins 



^ich are less susceptible to oxidation, re- 
ducing the danger of gum formation In the 
product, and (3) sulfUr has been reduced (al* 
though seldom wholly removed). 

Destructive hydrogenatlon can be described 
as hydrogenatlon accompanied by cracking. As 
cracking occurs, hydrogen adds Itself to the 
chains where the rupture occurs. The product 
of destructive hydrogenatlon may be lighter 
than the material charged to the process. 

Nondestructive hydrogenatlon is usually car- 
ried out at pressures ranging between 200 and 
400 pounds per square inch. Destructive hy- 
drogenatlon requires much higher pressures. 
Catalyst is required for both types of hydro- 
genatlon. 

Destructive hydrogenatlon has found com- 
mercial applicfiation in the process known ashy- 
drocracklng. In this process a gas oil is cracked 
In a fixed bed catalytic unit and hydrogen is 
supplied to the cracking zone. This process, 
which is now (1965) under extensive develop- 
ment, combines cracking and hydrogenatlon in 
a single imit. Superior yields of improved 
products are the result. 

Dehydrogenatlon 

Dehyjdrogenation is the reverse of hydro- 
genatlon. In this process, hydrogen is re- 
moved from adjacent carbon atoms of an organic 
compound with resultant formation of a double 
bond. Conunerclal processes now in operation 
are both catalytic and thermal, and are used 
principally to dehydrogenate saturated gaseous 
hydrocarbons to produce starting material for 
the alkylation process. The process is also 
used for the production of petrochemical charge 
stocks, (synthetics, plastics, etc.). 

Isomeratlon 

As explained In chapter 3, Isomeric com- 
pounds are compounds composed of the same 
elements, united In the same proportions by 
weight, but differing in one or more properties 
because of differences in moleciQar structure. 
It has also been pointed out that ls6butane (a 
branched-chain paraffin) is isomeric with nor- 
mal butane (a straight-chain paraffin). Iso- 
merization processes have been developed by 
the petroleum industry to convert straight- 
chain hydrocarbons to the valuable branched- 
chain hydrocarbons which increase the anti- 
knock properties of gasolines. This conversion 
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is brought about in the presence of a catalyst, 
usually at moderate temperatures and pres- 
sures. 

In petroleum refining^ the isomerization 
process is applied principally to butane and 
pentane. The object of isomerizing butane is 
to obtain isobutane for alkylation and other 
uses; that of pentane isomerization, to obtain 
isopentane for blending into gasoline. 

Reforming 

Reforming is a cracking process employed 
for the upgrading of stocks with low octane 
nuniber. It may be either thermal or cataly- 
tic and may be mild or severe, depending on 
the desired end. 

Mild reforming is applied to stocks with 
a boiling range identical or very similar to 
gasoline. The application of high temperature 
converts some paraffins to olefins, . changes 
some straight- chain molecules to branched- 
chain molecules, breaks alkane sidechainsfrom 
alkane-naphthene molecules, dehydrogenates 
naphthenes to form aromatic hydrocarbons, and 
may isomerize some compounds. 

Severe reforming is often applied to heavy 
gasolines with a boiling range of 200-400° F. 
Enough of the heavier material is cracked to 
give a finished product with a normal gasoline 
boiling range. The reactions are the same as 
in mild reforming except that there is more 
cracking. 

In both thermal reforming and catalytic re- 
forming, the reactions described above take 
place. In catalytic reforming the order of the 
reactions is changed since the catalyst pro- 
motes certain reactions and does not affect 
others so readily. Thus, the dehydrogenera- 
tion of naphthenes is much more rapid in 
catalytic reforming than it is in thermal. 
Also, hydrogen may be recycled in catalytic 
reforming to bring about a higher degree of 
sulfur reduction and to convert olefins to paraf- 
fins. Catalytically reformed gasoline is thus 
usually much more saturated (with hydrogen) 
than is thermally reformed gasoline. Thermal 
reforming has been largely displaced by the 
catalytic process. 



MANUFACTURE OF PETROLEUM PRODUCTS 

The various refining processes which have 
been described result largely in raw materials 



\rtiich must be further treated and properly 
blended to produce finished petroleum products. 
As we have seen in chapter hundreds of prod- 
ucts are maniifactured from crude petroleum. 
Only the major steps in manufacturing the more 
important products are discussed here. 

Gasolines 

Gasoline for automotive engines is the pri- 
mary petroleum product in the United States 
today. Since the appearance of the jet plane 
in commercial aviation, the market for avia- 
tion gasoline has been drastically reduced, 
dropping the product to a very minor position 
in the petroleum world. Aviation gasoline has 
been replaced by jet fuels as the second rank- 
ing engine fuel. A large proportion of the high 
quality materials formerly used in aviation 
gasolines are now put into fuels for terres- 
trial vAicles. Many techniques have been de- 
veloped: (1) to increase the yield of gasoline 
per barrel of crude in order to meet the in- 
creasing demands of the consumer, and (2) 
to Improve the quality of gasolines in order to 
meet the requirements of modern engines. 

In 1904, gasoline comprised less than 10 
percent of the total products manufoctured 
from crude petroleum in the United States. 
(See fig. 5-10.) By 1934, this percentage had 
increased to more than 40 percent, owing to 
the rapid development of the internal combus- 
tion engine. In 1960, the average refinery 
yield of gasoline from crude oil was 45.2 per- 
cent. Shortly after World War I the demand 
began to exceed the natural availability of 
gasoline from crude oil. Thermal cracking 
was the earliest development for increasing the 
gasoline yield per barrel of crude and was used 
commercially following World War I. As ex- 
plained earlier in this chapter, thermal crack- 
ing converts heavy oil fractions to gasoline. 
The resultant increase in gasoline production 
and the corresponding decrease in fuel oil 
production is shown in figure B-10. 

Prior to World War II, gasoline consisted 
primarily of blends of natural gasoline, straight- 
run gasoline, and thermally cracked gasoline. 
With advances in engine design— particularly of 
aircraft engines-gasolines of higher quality 
were required. As mentioned previously, the 
catalytic cracking process results, in general, in 
products of higher quality. Catalytic cracking 
is a large source of motor gasoline. 
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Figure 5-10.— Petroleum product distribution In the United States. 
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Hl|^ quality automotive and aviation gaso« 
lines are now made by blending natural gas61lne, 
straight-run gasoline, cracked gasoline, alky- 
lates and reformates. Sometimes one or more 
of the raw stocks must be chemically treated to 
remove Impurities. 

Volatile lead compounds are added in small 
proportions to increase the antiknock ratings of 
automotive and aviation gasolines. The gasoline 
Is then dyed various colors for identification 
purposes. 

Lubricating Oils 

Reduced crude Is the base stock used in the 
manufacture of lubricating oils. Three or four 
major steps are necessary in order to prepare 
end products: (1 ) vacuum distillation by which 
the various lUbe oil cuts are separated fromthe 
reduced crude; (2) refining of the various raw 
fractions to extract wax, asphalt, and impurities 
which are not desirable In the finished product; 
(3) blending of thd various refined Ivlbe oU 
stocks to the prcpBt Viscosity for the flnishM 
product, and (4) conq)iDundbig with additives. ' 



The four major steps are summarized: 

1. Vacuum Dlstlllatlon.-Dlstlllatlon of re- 
duced crude Is carried out under vacuum to 
avoid cracking which would destroy the lubri- 
cating oil. Vacuum distillation of reduced crude 
results In the production of a certain amount of 
gas oil vrihlch Is taken overhead, condensed, and 
put into other uses. Side streams are taken 
from various levels in the vacuum tower. In 
some refineries there may be as few as two 
such side streams produced, but there may be 
as many as five. The side steams are called 
neutral oils. The bottoms from the vacuum 
tower Is called residuum. 

2. Refining Lubricating Olls.-The various 
ltft)rlcating oil fractions are refined by subjecting 
them to various processes each of which removes 
some underslrable nuiterlals that were present 
In the crude oil. The main processes are gen- 
erally classified as (a) acid treating, (b) hydro- 
genation, (c) solvent extraction, (d) dewaxlng, 
and (e) clay treating. 

a. Acid Treatlng.-*-Concentrated sulfuric 
add Is applied to the raw lia>rlcatlng oil or 
residual. It combines with asphaltlc type ma- 
terials and the combined material, called add 
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sludge, separates from the oil. The treated oil 
is then yrashed with an alkali solution and >vater 
to remove traces of acid. 

b. Hydrogenation.—Some refiners hy- 
drogenate their lubricating oil stocks for the 
purpose of improving the color and stability. 
The hyc[/^'j<j;enation required for such stocks is 
regarded /.i^ a mildertreattnentthan is described 
earlier ti^ this chapter under Conversion Proc« 
esses. By mild iiydrogenation of olefinic ma« 
terials, compounds in the lubricating oil stock 
are saturate with hydrogen and certain im- 
purities are removed. The hydrogenated oil is 
less rubject to oxidation and color change after 
hydr/v^enation. The process is carried out in 
the presence of a catalyst. 

c« £:;vent Extraction.^ There are sev- 
eral solTunt extraction processes that havfi 
almost v vplaced acid treating of lubricating oil 
st(>.^ks. Some c^jt the extraction processes haVv. 
pat«^nted trade ) '^mec au I are pr^oprletaryproc- 
eisses. Among the extraction processes used for 
treating lubricating;; oil stocks arc: (1) propane 
deasplialtiiig, (2) furftiral extraction^ (3) phenol 
extraction, (4) nitrobenzene extraction, (5) the 
chlorex process, (6) the Duo-Sol process, and 
(7) the Ede^eanu process. 

Essentially all th^^?«( proci^sses a u solvent 
(propane, furfural, phe^nol, 4^1^.) with the lubrU 
cattni; oil st^-.^k whereupon il:\e mi^ire of oil 
and c^v-rlvf^nt separates into two discrete layers- 
one layer containing solvent and lubricating oil 
stock, the other containing solvent and extracted 
material. The two layers are drawn to separate 
vessels for soli'ent recovery, >xfter which the 
refined oil, or rafflnate, is sent to further proc- 
essing into lubricating oil while the extract is 
sent out of the lubrication oil system to other 
x'.ses. 

Solvent extraction is carried out at elevated, 
though not drastically high, temperatures. 

d. Dewaxing.— Dewaxlng is also a solvent 
extraction process and differs from the solvent 
extraction described above in that the process 
is carried out at low temperatures. The lubri« 
eating oil stock, after acid treating or solvent 
extraction, is mixed with a solvent that has low 
affinity for paraffin wax. The mixture of oil and 
solvent is chilled to temperatures below 0*" F. 
The wax crystallizes in the mixture and is re- 
moved by filtration. Solvents used in various 
dewaxing processes are propane, acetone, 
methylethylketone, a mixture of acetone and 
benzene, and others. 



e. Clay Treating. ^The final step in re- 
fining lubricating oil is clay treating. The clay 
used in fuller's (tanner's) earth or other clay 
with suitable adsorptive properties. The clay 
adsorbs some of the highly colored material in 
the oil. Also, it removes any acids and traces 
of resins that may be present. 

3. Blending. ^Various lubricating oil stock, 
ranging from relatively light neutral oils to 
heavy bright stocks, are blended to produce an 
oil of the desired viscosity range and lubrication 
characteristics. The blending is a relatively 
simple operation whereby two or more r^l 
stocks arc- put together and mixed until they iiave 
merged in solution. Mild heating is ouen used 
to speed up the blending. Mechanical stirring 
or agitation with air }a u^ed to ensure thorough 
blending. 

4 . Qo.mpo^ifiitilng.^In the past, mineral lubri- 
cating oils were often compounded with animal 
or vegetable oils. This practice has almost 
disappeared. 

Today, many lijbrieating oils, particularly 
those used in internal combustion engines, are 
compounded * - Itlli ''additiv^es'' to improve the 
properties of vUc oil. 

Additives may be defined for our purposes 
here, as chemicals );\^ich, when used in relatively 
small proportions, impart iutproved character- 
istics to the oils. Some additives are known as 
pour point depressants and will reduce the pour 
point of the lubricating oil so as to provide 
liibrication at low temperatures. 

Other additives are known as Viscosity 
Index improvers and suppress the tendency of 
the oil to become thin at elevated temperatures. 

Other additives inhibit oxidaiion of the oil in 
long time use. 

Others suppress the formc'tion of erniilsions 
when the oils come in contact with "mter or 
other liquids. 

O' aer s pr ev ent foaming . 

t^otce provide added protection agafust rust. 

Some ur.part addei .strength to the oil film. 
This is very imt>ortanc w the lubrication of 
ma:^y bearln&s. 

Kr^iio impart properties that improve lubri- 
cation under heavy load. 

And so on through a long list. 

Formulation of lubricating oils is usually a 
trade secret of th^ manufacturer. Each manu- 
facturer uses sueh additives in such proportions 
in his mineral oils as he believes will provide 
his cui^omers with satisfactory lubrication. 
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Fuel Oils 

Fuel oil is defined as any liquid product 
which is burned in a heater or fird)ox for the 
generation of heat or in an internal combustion 
engine for the generation of power. Fuel com- 
ponents result from the atmospheric distillation 
of crude oil, which is sometimes referred to as 
topped crude or reduced crude and also from 
distillation of products from refining processes 
such as cracking. Kerosine and gas oils are 
also a source of ftiel oil components. To meet 
specifications, the normal procedures of blend- 
tng and filtering are necessary. 

In general, fuel oils may be classified as 
follows: 

1. Distillate fuel oils, which consist of 
distillates in the kerosine-gas oil boiling range. 
These may or may not be blends. The most 
widely used grade is called No. 2 fuel oil. No. 
2D diesel fuel is very similar to No. 2 burner 
fuel. 

2. Mixed distillate and heavy residual fuels, 
which are specially blended to meet equipment 
specifications. A typical blend is Navy Special 
Fuel Oil which is tailored for use in combatant 
ships. 

3. Heavy residual fuel oil, which is a heavy 
residuum which may or may not be blended with 
cutter stock (gas oil) for ease in handling. In 
the United States it is normally referred to as 
''No. 6 fuel oil," if sold for land plants or 
''bunker fuel oil" (sometimes "bunker C") if 
for marine applications. 

Grease 



A lubricating grease is defined as follows: 
"A solid to semifluid product of dispersion of a 
thickening agent in liquid lubricant. Other in- 
gredients imparting special properties may be 
included.'* Most of the greases produced today 
use mineral oils as their fluid component. The 
fluids range in viscosity firom as li^ a product 
as kerosine up through the heaviest cylinder 
stocks. In specialty greases the petroleum 
product may be wax, petrolatum, or asphalt. 
The thickener may be any material \\1iich, in 
combination with a suitable fluid, will produce 
a grease structure. Grease thickeners are 
ordinarily soaps. In addition special modifiers 
or additives may be added to modify the struc- 
ture, change the color, or improve the perform^ 
ance of the finished grease. 



A typical grease manufacturing procedure 
would be as follows: 

1. Saponification.-*A fotty material is added 
to a portion of the mineral oil. An aqueous 
solution of a metallic alkali (typical metals- 
sodium, lithium, calcium, aluminum, or mix- 
tures) is then added and reacted to form a 
metallic soap. The reaction is carried out with 
heat md mixing. 

2. Dehydration and Cutback. --The wet me- 
tallic soap (thickener) is dehydrated by heating 
and cutback with additional mineral oil to produce 
the consistency desired in the finished grease. 
During or following this cutback operation, the 
grease may be further processed addition of 
modifying agents, and kettle milled or 
homogenized to modify its structure. 

3. Deaeration and Filtering.— Entrained air 
may be removed by deaeration and the grease 
filtered to remove any contamination that may 
have been picked up from the raw materials or 
the processing that might interfere with the 
performance of the grease. 

Waxes 



Paraffin and microcrystalline waxes and 
petrolatum are produced as byproducts in the 
processing of lubricating oils. Depending upon 
their type of hydrocarbon constituents and 
molecular weight, they range from hard solids 
to semifluids at ambient temperatures, lliey 
are used in coatings, rust preventatives, and 
many other applications. 

Asphalt 

Asphalt is a natural constituent of most 
petroleum crude oils, in vdiich it exists in 
solution. The crude petroleum is refined to 
separate the various fractions and recover the 
asphalt. It is produced in a variety of grades 
and types, ranging from hard brittle solids to 
almost water-thin liquids. 

Asphalt is a strong cement, readily adhesive, 
highly waterproof and durable. It is also highly 
resistant to most alkalies, acids, and salts. 
Because of these properties asphalt's principal 
use is in road paving. The liquid asphalt prod- 
ucts are generally prepared for application by 
cutting back or blending either with naphtha, 
kerosine, or gas oils; or by emulsifying them 
with water. 
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Chapter S^PETROLEUM REFINING 



Petrochemicals 



Petrochemicals Is a popular abbreviation 
for the term ^'petroleum chemicals'' and covers 
pure chemical stibstances produced commer* 
daily from petroleum or mitural gas. Although 
many petrochemicals belong in the organic 
chemical category. Inorganic chemicals such as 
ammonia, carbosn black, and sulfur derivatives 
also can be classified aspetrochemlcals. World 
War n served as the beginning of the era in 
which petroleum began to find Its true place as 
a chemical raw material, entering into such 
fields as synthetic rubber, plastics, resins, 
synthetic fibers, and detergents. 



Processes used in modem gasoline refining 
provide many of the basic petrochemical raw 
materials. Catalytic cracUng provides large 
quantities of low»molecular»weight olefins, es« 
peclally ethylene, propylene, and butylenes. 
Also, catalytic reforming produces quantities of 
benzene, toluene, xylenes, and other higher 
aromatics for chemical' and solvent purposes. 
Advances In separation processes have allowed 
the recovery and purification of these products. 
Special processes have also been commer* 
cialized, which convert a rather narrow boiling 
range petroleum product into a specific petro* 
chemical. For example, severe high tempera* 
ture cracking of naphthas is used for the 
production of ethylene. 
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CHAPTER 6 



MEASURING AND SAMPLING PETROLEUM PRODUCTS 



A military officer concerned with any phase 
of petroleum must understand the methods used 
to compute the volume of petroleum products in 
storage and transportation tanks. In order to 
compute the volume accurately, the following 
facts must be known: 

1. Quantity of product in tank, 

2. Quantity of water at the bottom of the tank 
and/or water held in suspension, 

3. Average temperature of the product, 

4. Specific gravity of the product. 

These facts, together with calibration tables and 
volume correction tables, are used to calculate 
the volume of any given product, at a standard 
temperature of 60^ F. 

Calibration tables are used to convert linear 
measurements to volume. All petroleum storage 
tanks and cargo carriers are measwed 
(strapped) for ciqpacity. From these linear 
measurements, calibration tables (strapping 
tables) are prepared in terms of barrels or 
gallons. 

Correction to a standard temperature is 
necessary becau&e of the e^qpansion and con* 
traction of petroleum at different temperatures. 
Unless this esqpansion and contraction is taken 
into consideration! a tank cannot be said to con* 
tain a definite amount of oil. Volume correction 
tables are based on the coefficient of esqpansion 
of an oil. The coefficient of e^qpansion is a direct 
function of its specific gravity or API (American 
Petroleum Institute) gravity, a physical property 
discussed in chapter 7. 

This chapter is concerned with the standard* 
i2ed methods employed to manually measure 
the quantity of a product in a given tank, the 
amount of water in the tank, and the temperature 
of the product It is concerned also with basic 
sampling principles. ^ 



MEASUREMENT OF QUANTITY 

Remote tank gage and temperature reading 
and recording devices have been developed in 
recent years which have demonstrated a high 
degree of accuracy. Some types of this equip* 
ment have been installed at several Navy fuel 
facilities. 

The most common types of remote gage 
reading devices make use of float equipment for 
determining the tank liquid level height. Liquid 
level measurements and temperatiure data can 
be transmitted electronicallyto a central control 
point, on demand, where it may be directly 
observed or recorded for later use. Primary use 
of this equipment is for quickly determining: 
(1) present stock position; (2) that large trans* 
fers are proceeding according to plan; and (3) 
the existence of leaks in ta^ks. However, these 
devices are not yet used by the Navy in deter* 
mining quantities for accounting piurposes. 

Gaging 

Gaging is the mechanical measmrement in 
feet, inches, and fractions of an inch of the quan* 
tity of a product in a storage tank, tank car, or 
tank truck. Gaging is performed with a wooden 
stick or a steel tape marked in feet, inches, and 
eighths of an inch. In the latter case, the tape is 
wound on a hand reel that comes equipped with a 
brass plumb bob or suitable weight to hold the 
tape taut. (See fig. 6*1.) The tape is fastened to 
the bob with a snap, and the tape markings in* 
elude the length of the bob. 

There are two basic types of procedures for 
obtaining gages and the results are known as 
ullage (or outage) gage, and innage gage. 

Ullage (Or Outage) Gage 

An ullage gage is the distance from a given 
point at the top of the container down to the 



Chapter 6-MEASURING AND SAMPLING PETROLEUM PRODUCTS 



STEEL TAPE 



PLUMB BOB 




Figure 6-1.^ Tank gaging tape. 
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siurface of the liquid This measurement is 
usually taken on ships' tanks. Jn taking ullage, 
the tape is gradually lowered and swung back and 
forth iintil the tip of the bob breaks the surface 
and causes a ripple. At this point the t^e is 
held steady and a reading taken at a reference 
point at the gage hatch. The steps in measuring 
ullage are shown in figure 6-2. 

Ihnage Gage 

An innage gage is the depth of liquid in a 
tank, measured from the surface of the liquid 
to the tank bottom. This measure is commonly 
taken on vertical shore tanks above and below 
ground. Steps in measuring innage are shown in 
figure 6-3. 

Frequency of Gaging 

The frequency of taking tank gages varies 
with the activity of the depot. All gages are to be 
taken manually unless otherwise directed by the 
fuel officer. The following suggestions areprac- 
tical minimums; 

1. bactive tanks should be gaged at least 
once a week. 

2. Tanks first filled or filled after having 
been empty for sometime shouldbegagedonce a 
day until it appears that there is no leakage. 

3. In case the gaging record of any tank 
pears irregular, all other tanks into or out of 
which leakage might have occurred should be 
gaged for check. 



4. Every tank that is zpt to be worked or 
issued from during the day should be gaged at 
the start of the day. 

5. Tanks involved, or that may be used, must 
be gaged before starting any receipt by the depot 
Such gages will be witnessed by a representative 
of the ship (or pipeline carrier), and must be 
verified by two mm at the depot. 

6. Tanks must be gaged after the completion 
of any receipt. The final official gage should be 
deferred for 12 hours, if practicable, to ensure 
against errors caused by foam or air. A pre- 
liminary check gage should be taken 30 minutes 
after receipt. Thm, if it is not practicable to 
wait for 12 hours, the official gage may be taken 
after two gages at 30-minutes successive inter- 
vals agree. 

7. Tanks involved must be gaged before and 
after any issue or transfer. Such gages should 
be verified by a second man. The agency re- 
ceiving the issue may verify the gage or it may 
be verified by an inspector acting for the r ec eiver 
of the issue, la many cases this outside verifi- 
cation will not be practicable. There should be 
no roal necessity for it in case of intra-Navy 
issues. 

8. Should any depot load tank ships for off- 
shore delivery, gages will be witnessed by an 
inspector. 

Measurement of Water 

In many cases, there is a layer of f^ee water 
in the tank bottom. The depth of this bottom 
water is obtained by taking a water cut. This is 
usually accomplished by coating the pliunbbob or 
gaging tape with water-finding paste. 

To obtain the water cut in a fuel oil tank, the 
bob must be allowed to rest on the bottom of the 
tank, as illustrated in figure 6-3, from 30 to 60 
seconds. For heavy fuel oils, it may be neces- 
sary to cover the water-finding paste with lub- 
ricating oil. After the bob is withdrawn, the fuel 
oil is washed off gmtly with diesel oil in order 
to reveal the water mark, shown by the change 
in color of ^e water -finding paste. For diesel 
fuel oil or gasoline the water cut is obtained 
more quickly. In this case the water-finding 
paste need not be covered with lubricating oil. 
Hie water cut in a tank is subtracted from the 
total quantity of the product as shown by the 
innage or ullage gage to determine the actual 
amount of a petroleum product in a tank. The 
aniount of water should be calculated at the same 
time and then reported. The steps for taking a 
water cut are shown in figure 6-4. 
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Figure 6-3.— Steps in measuring innage. 
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Water in suspension is determined by the 
centrifuge method, described briefly in chapter 
7, ''Testing Petroleum Products/' 

Measiurement of Temperature 

The average temperature of a product is 
required to calculate its volume at a standard 
temperature of 60° F. It is important to deter 
mine temperatures accurately because an error 
in determining the average temperature of a 
product causes errors of considerable magni- 
tude in calculating the volume of a product at 
60° F. 

To arrive at an accurate avcvaett^, temper- 
atures of liquid petroleum producti» are deter- 
mined at specified locations in tankSi ships, 
barges, tank cars, and tank trucks. Temperature 
readings are then averaged arithmetically to 
obtain the average temperature. 



The thermometer most commonly used for 
taking tank temperatures is a standard cup type 
of 0° to 180° F range, marked to 1° F divisions, 
with an open metal c\xp of about 100-cc capacity 
surrounding the bulb. For heavyftiel oil, or when 
accurate results are wanted more quickly in a 
tanV that not at approximately the same tem- 
perature throughout, a special trap thermometer 
is used. This thermometer is suspended at least 
a foot Trom the shell. For heavy fuel oils the 
thermometer may be suspended in the tank at 
all tiiaes. In tanks of over 5000-barrel capacity, 
several openings are usually provided through 
which temperatures are taken. 

Considerable time is required for a ther- 
mometer to reach equilibrium in fuel oil. The 
length of time varies greatly with conditions; it 
seldom will be under 5 minutes, and may be as 
much as 20 minutes. Jn adieselfueloil or gaso- 
line tank, less time is required. 
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LCVEL OP WATER APPLIED TO CALISRATION CHART 
GIVES AMOUNT OP WATER IN TANK, 



TO DtTERMINE NET QUANTITY OP PUCL IN TANK, 
SUBTRACT AMOUNT OP WATER PROM AMOUNT OP 
PUEL INDICATED BY GAGING. 
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Figure 6-4.— Steps in taking a water cut. 



Volume Correction 

Tike unit of measurement for determining 
quantities of bulk petroleiun products both with- 
in and without the cont;inental U.S. is the barrel 
of 42 U.S. gallons at a temperature of 60"" F. 
All corrections on fuel oils, diesel fUel oilsi 
gasolines and other light fuels are made in ac- 
cordance with ASTM-IP Petroleum Measure- 
ment Tables. Table No. 7, figure 6-5, gives the 
factors for converting oil volumes observed at 
temperatures other than 60"" F to the corre- 
sponding volumes at 60^ F for ranges of values 
of API gravity at 60^ F. This table is an 
abridged form of Table 6a and is intended for 
use where accuracy less than that given by 
Table 6a can be tolerated. 

Thus the volume correction of a product, 
having the characteristics which would place it 
in Group No. 2 would be determined as shown in 
figure 6«6. 

The method of converting the quantity from 
gallons to barrels is shown in figure 6-7. 

Weight Conversion 

Jn many ports outside the United States, fuel 
oil is sold on a weight basis of tons or other 
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Figure 6-5.-Portion of Table 7, ASTM-D1250 Petroleum 
Measurement Tables. 
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140,000 X 1,0030 • 140,420 

<^i«ntity raceivAd in U.S. 
galloni at 54^ \ | 

Voluna correction factor for obierved 
temperature at 54^, taken from 
Table 7, ASTM-D1250 Petroleum. 
Heaiurement Tablet, Group 2 (API 
Gravity 36.1 at 60*^.) | 

U.S. Galloni at 60®F 



10.31.0 

Figure 6-6.^Example of volume correction 
to 60^ F. 



140,420 f 42 > 3,343 
U.S. Galloni at 60®P | 



U.S. Galloni per barrel 
Barreli at 60^ 



10.31.0 

Figure 6-7.— Example ehowing computation 
from gallons to barrels. 



weight standards. In arriving at the weight de- 
livered, the specific gravity at 60"" Fis gmerally 
used, but this temperature may vary in some 
areas. When quantity is computed on a weight 
basis, volume determinations compiled in ac- 
cordance with figure 6-6 will first be made and 
subseqyently converted to the designated weig^ 
standard in accordance with the abridged ASTM- 
D12S0, Table 8 shown in figure 6-8. An example 
of weight calculation is shown in figure 6-9. 



SAMPLING 



Correct sampling procedures are necessary 
to provide truly representative samples that are 
used primarily for determining the physical and 
chemical properties of products, b this con- 
nection, sampling is an important phase of 
quality surveillance. Correct sampling pro- 
cedures are also required to provide samples 
used for obtaining the gravity and the suspended 
water and sediment of the product, both of which 
are required for computing volume accurately. 



Types of Samples 

The portions taken for samples must rep- 
resent the general character and average con- 
dition of the lot being sampled. Various types of 
samples may be taken. Among the more common 
types are: average samples, upper samples, 
middle samples, lower samples, and composite 
samples. 

Average Sample 

An average sample is one so taken as to 
contain parts from all sections of the container 
or pipe, in proportion to the volume of each part. 
However, it is practically impossible to obtain 
a true average sample, except perhaps, through 
a continuous sampling connectionfrom a vertical 
rtm in a pipeline with specially constructed 
draw-off pipes, or by vigorously agitating and 
stirring the contents of a vessel and drawing off 
a sample while the contents are agitated. 

I^er Sample 

An tqpper sample is one taken from the upper 
thfrd of the fluid (at a point equal to 10 percent 
of the depth of a uniform cross-section vessel, 
or 10 percent of the diameter of a horizontal 
cylindrical tank). 

Middle Sample 

A middle sample is one taken at half the 
depth of the material. 

Lower Sample 

A lower sample is one taken at a point 10 
percent of the depth of a uniform cross-section 
vessel, or 10 percent of the diameter of a hori- 
zontal cylindrical tank, above the bottom of the 
vessel. 

Composite 3ample 

A composite sample is a mixture of upper, 
middle, and lower samples containing, for ves- 
sels of different shapes, volume proportions 
which correspond sqpproximately to the volumes 
of the material at these levels: 

For uniform cross-section vessels: upper 
sample, 1 part; middle sample, 3 parts; lower 
sample, 1 part. 
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Figure 6-8.-Portion of Table 8, ASTM.D1250 Petroleum 
Measurement Tables. 
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Gallons of Product r«cf ivad 



140,420 X 7.030 « 987, IS3 



Pounds per Gallon corraspondlng to 
• An Gravity at to^F as taken fron 
Tabu 8, ASTH-D12S0 PatroUun - 
Msasurenent Tables (API Gravity 
36.1 at 600F.) " 



Pounds of Product rtcaiyed 



10.32.0 

Figure 6-9. -Example of weight calctdation. 

For horizontal cylindrical tanks (assumed 
Aill); upper sample, 1 part; middle sample, 8 
parts; lower sample, 1 pprt. 

For horizontal cylindrical tanks that are only 
partially filled, these sampling levels and com- 
posite sample mixtures cannot give samples that 



are substantially pToportionate to the volumes 
at the different depths unless the tanks are filled 
to at least 80 percent of the diameter. Table 
6-1 gives a set of substantially correct sampling 
levels and sample quantities for partially filled 
horizontal tanks, which may be used, employing 
values in the tabulation that lie nearest to the 
actual filling depth. 

Sampling Procedures 

There is a variety of sampling procedures, 
each of which is suitable for sampling a number 
of specific products under definite storage, 
transportation, or container conditions. Since 
description of these procedures is beyond the 
scope of this book, only one common method is 
mentioned. 

Customarily, samples are drawn from ship 
tanks, barges, and large shore tanks by lowering 
and raising a bottle while allowing it to fill. 
(Hass bottles of 1 quart to 1 gallon capacity 
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Table 6- L -Sampling Levels and Sample Quantities for Partially Filled Horizontal 

Cylindrical T^nks 



Liquid depth (percentage 
of diameter) 


Sampling level percentage 
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60 

80 


55 
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85 
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1 part . 
... do . 
... do . 
... do . 
... do . 



are commonly used. (Metal containers, con- 
structed with a bail are sometimes used.) Sam- 
pling botdes are suspended in the tank by a cord 
tied to the cork and seciired around the neck with 
two clove hitchesi slack being allowed between 
cork and bottle as showninflgure6-10. The free 
end of the line below the neck of the bottle is 
looped in a hitch around the lower part of the 
bottle and terminates in a lead weight heavy 
enough to sink the entire assembly. When the 
bottle is lowered to the desired depth (usually 
near the bottom of the tank, but above any water 
line), the cork is readily withdrawn by Jerking 
the line. The bottle is then raised steadily at such 
a rate that it is not quite full when it breaks the 
surface. Samples obtained in this way are con- 
sidered to be average samples, but obviously the 
proportions are not related to the tank volume at 
the various levels. 

During sampling, every precaution must be 
taken to ensure that the sampling apparatus and 
the samples themselves are neither contami- 
nated nor altered by any material not representa- 
tive of that being sampled. The sampling appa- 
ratus should be thoroughly clean, dry, and free 
from any substance that will dissolve into or 
color the product being sampled. Before the 
sample is drawn, the sample container must be 
rinsed with the product being sampled, taking 
special care to ensure that no lint or fibrous 
material is present. After collection of the sam- 
ple, the container must be closed immediately. 



METAL CONTAINERS 
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Figure 6-10.— Sampling containers. 
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Disposition of Samples 

Samples are used for one or more of the fol- 
lowing purposes: 

1. Visual examinaticxi 

2. Laboratory test 

3. Preservation for record 



4. Check and referee tests 

Retain samples are held for the protection of 
the supplier, loading terminal, and inspector. 
These samples are marked, showing the sources 
of the sample and the date taken. They are then 
stored and held for the length of time prescribed 
for the particular product. 
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TESTING PETROLEUM PRODUCTS 



This Chapter covers, In a general way, the 
standard test methods employed to determine 
the quality and performance characteristics of 
various petroleum products. Detailed descrip- 
tions of standard procedures for these test 
methods are set forth in publications of the 
American Socdety for Testing and Materials and 
in Federal Test Method Standard No. 791. 

The American Society for Testing and Ma» 
terials (ASTM) is an international technical 
society. An important function of this society 
is the standardizaticm of specifications and 
methods of testing. The development of stand* 
ards is carried out by various technical com* 
mittees, each of which functions in a prescribed 
field and xmder definite regulations to ensure 
adequate representaticm of producers, consum* 
ers, and general interest. Acceptance of 
proposed standards for publication and their 
adoption is by action of the Society ttpon recom- 
mendation of the committees. The Society is 
recognized as the authority on methods of test- 
ing petroleum and its products. Methods of tests 
and specificaticms pertaining to petroleum are 
published in the Book of ASTM Standards . 
(Part 17 ) Petroleum and issued annually. 

The Federal Test Method Standard No. 791 
is composed of standard test methods for sam- 
pling, inspecting, and testing lubricants, liquid 
fuels, and related products. It is issued pur- 
stiant to the FMeral Property and Administra- 
tion Services Act of 1949, as amended, and its 
application to the purchase of petroleum prod- 
ucts is mandatory on all Federal agencies. Some 
methods in this standard are identical to those 
published by the ASTM. In such cases the stand- 
ard only provides a cross reference to the iden- 
tical ASTM method. The test methods of this 
standard when cited in a petroleum product 
specification, form anintegralpai*tofthat speci- 
fication. 

Tests of petroleum products are used in the 
development, manufacture, and sqpplication of 



petroleum products. Several hundred physical, 
chemical, and ^performance tests have been 
approved by ASTM and new tests are constantly 
being developed. 

The following discussion is limited to a sur- 
vey of the tests most commonly employed in 
determining the performance characteristics 
and the quality of various petroleum products. 
A list of tests and the petroleum products for 
which they are most commonly used is shown 
in table 7-1. 



GRAVITY 

Specific gravity is the ratio of the weight of a 
given volume of a substance to the weight of an 
equal volume of water. Normally, the gravity 
of petroleum products is expressed in degrees 
API, in accordance with the API (American 
Petroleum Institute) scale. The relationship of 
specific gravity to API gravity, expressed as 
degrees API, is given in the following formula: 

Specific Gravity=r^,-=-^ili^ _ 

' 131.5 4 degrees API 

From this formula it can be seen that an oil of 
10 API gravity is equal to 1, or the specific 
gravity of water. All gravity determinations are 
correlated with a specific temperature and are 
generally corrected toastandardtemperatureof 
W F liy use of tables. 

Either the specific gravity or API gravity of 
petroleum products must be determined to make 
volume corrections at different temperatures. 
(Seech.6.) Gravity may also be a rough index of 
whether an oil is naphthenic or parafflnic, but 
other tests are more indicative of the quality 
characteristics of the product. 

Measurements of both specific gravity and 
API gravity are made by use of hydrometers. 
Hydrometers marked according to the APIscale 
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Table 7-1. —Common Tests Made on Petroleum Products 





Crude 

Tte^row 

leum 


Gasoline 
Naptha 


lUuml- 
Oil 


Fuel OU 

And 

Gas Oil 


Lube 
OU 


Trans - 
fnpmsr 
OU 


OpAnflA 


Jet 
Fuel 


w» A V ixy 






X 

Mm 




V 

Am 


V 

Mm 




V 

Mm 


IT In ah T^nlnfr 








X 


X 


X 

Mm 




A\Af 


Fire Point 


(1) 




X 


X 




X 






Water and Sediment 




(1) 


(1) 


X 








X 


Viscosity 


X 




(1) 


X 


X 


X 




X 


Cloud and Pour Point 


(1) 




(1) 


X 


X 


X 






Steam Emulsion No. 


(1) 








X 


(1) 




X 


Sulfur Content 


X 


X 


X 


X 


(1) 






X 


Vapor Pressure 




X 












X(3) 


DistUlatlon 




X 


(1) 


(1) 








X 


Knock Characteristics 




X 














Cetane Number 








X 








X 


Thermal Value 








X 










Neutralization and 

SanAnificAtinn Nn. 


















Color 






jr. 




Y 


X 




•V 
A 


Ash Content 


X 




(1) 


X 


X 


X 






Carbon Residue 








X 


X 








Oxidation 


(1) 


X 


(1) 


X 


X 


X 




X 


Corrosion 




X 




X 


X 


X 




X 


Gum 




X 












X 


Freezing Point 




X 












X 


Water Separometer Index 
















(1) 


Thermal Stability 
















(1) 


Smoke Point 
















(1)(2) 


Smoke Volatility Index 
















(1)(3) 


Penetration 














X 




Dropping Point 














X 





X UsuaUyused 

(1) Sometimes used 

(2) ;JP.6 only 

(3) ' only 
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are normally used in the petroleum industry. 
However, if such hydrometers are not available, 
ordinary hydrometers may be used and con- 
versions made to degrees API bv use of the 
above formula expressed as follows: 

Degrees API = — — -131.5 

specific gravity 

FLASH AND FIRE POINTS 

The flash point of a petroleum product is the 
temperature at which it first gives off sulficient 
flammable vapor to ignite. The fire point Is the 
temperature at which its vapors wiU contine to 
burn. The fire point of any product raii^es from 
10" to 70** higher than its flash point. 

Flash and fire points are used principally to 
Indicate the fire hazards of petroleum p7/odi«cts. 

Petroleum products vary greatly in their 
flash and fire points. Gasolines and JP-4 Jet 
fuel have flash points well below freezing, v;;ille 
lubricating oils have flash poincs normally rang* 
ing from 275^ to 700^. The specification for 
JP-5 jet fuel requires a flash point of 140'*F. 
Because of this high flash point JP-5 is relatively 
safe for shipboard stowage in unprotected tanks 
and is stored on board aircraft carriers and 
other ships. 

There are three; principal methods of de« 
termining flash and fire points: (1) Cleveland 
open cup method; (2)Pen8l^-Martens closed cup 
method; and (3) TAG closed cup method. (TAG 
is the contraction of Tagliabue, a manufacturer 
of testing apparatus.) The open cup method is 
commonly used for determining flash and fire 
points of lubricating oils, while either of the 
closed cup methods is used for highly volatile 
products. AH three methods use the application 
of heat to the products being tested. While heat 
is being applied, a flame is passed periodically 
across the surface of the open cup^or across 
an opening in the cover of the closed cup-^until 
a flash is observed. . 



VISCOSITY 

The viscosity of a liquid is a measure of its^ 
internal friction, or its resistance to flow. A 
liquid has high viscosity if it flows sluggishly, 
like cold molasses; it has low viscosity if it 
flows freely, like water. 

Viscosity of a lubricating oil at operating 
temperatures should be high enough for the oil 



to maintain a fluid film regardless of the load 
impcsed upon it. It should not, however, be lo 
high that It cansf^s drag or excessive fluid 
frijcion (friction within the oil itself). Fluid 
friction is a source of power loss and such 
friction, if excessively high, raises the tem- 
pex-ature of the oil. Viscosity at operating 
temperatures varies with temperature changes, 
heiu'i hifrht T at low temperatures and lower at 
high temperatures. The viscosity at operating 
temperatures determines the fluid friction, the 
heat generated in the bearing, and the rate of 
flow of the oil under given conditions. Therefore, 
viscosity of lv*rricitingoilsatoperatingtemper- 
aturos must be known in order to select the 
proper lubricating oil for a specific purpose. 

Absolute viscosity is tho force required to 
mtwe a plane surface area of one square centim- 
eter over another plane surfoce at tl'.e rate of 
one centimeter per second when the two mxr^ 
feces are separated by a layer of liquid one * 
centimeter in thickness. The unit of absolute 
viscosity is the poise. The ratio of absolute 
viscosity to the specific gravity of the oil at the 
temperature at which the viscosity is measured 
is kinematic viscosity. The unit of kinematic 
viscosity is the stoke. 

Although determination of absolute viscosity 
will give extremely accurate values, the method 
is difficiat. Consequently, kinematic viscosity is 
measured ^Aien extremely accurate determina- 
tions are necessary. For practical purposes, 
however, viscosity of petroleum products is 
usuaUy determined by employing a viscosimccer 
to determine the time necessai*y for a g^ven 
quantity of oil to flow through a standardized 
capillary tube. Although there are several types 
of viscosimeters, the ones most commonly used 
in the United States are: (1) the Saybolt Uni- 
versal viscosimeter, and (2) the Saybolt Furol 
viscosimeter. Viscosity is then reported as 
Saybolt viscosity. 

Saybolt Universal 

The Saybolt Universal viscosimeter con- ^ 
sists of an oil tube, bath, receiver, thermom- 
eters, timers, and withdrawal tube. (See fig. 
7-1.) When using this instrument, the oil to 
be tested is placed in the oil tube, and the bath 
is brought to a given temperature (usuaUy 100'', 
130% or 210** F). A cork stopper at the bottom 
of the tube is then removed and the oil aUowed 
tc now into a 60-cc graduate. The time, in 
seconds, required for 60 cc of oil to flow through 
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the opening is measured and recorded. This 
time, at the temperature of the bath, is the 
viscosity of the oil, expressed in Saybolt Uni- 
versal seconds. 

Saybolt Furol 

The Saybolt Furol viscosimeter is generally 
used for viscosity determinations of extremely 
viscous liquids such as ftiel and road oils (the 
word Furol being a contraction of the phrase 
fuel and road oils )> The Furol viscosimeter is 
similar to the Universal viscosimeter, but the 
opening zt the bottom of the former is larger in 
order to facilitate the flow of heavier liquids. 
The instrument is operated in the same way as 
the Universal viscosimeter, but Saybolt Furol 
viscosities are usually obtained at 122'' F. The 
Saybolt Furol viscosity figure for a given oil is 
usually about one-tenth that obtained when the 
Saybolt Universal instrument is used. 

The Society of Automotive Engineers (SAE) 
has established an arbitrary system for classi* 
fying motor oils according io their viscosities. 
Tlie SAE Viscosity Numbers which have been 
used since 1938, and theii corresponding Saybolt 



viscosities, are shown in table 7-2. In addition 
to SAE Viscosity Nunlbers for motor oils, there 
are also SAE Viscosity Numbers for transmis- 
sion and rear-axle lubricants. It must be re- 
membered that these numbers are based on 
viscosities alone and that no other factors are 
considered in the classification. 

VISCOSITY INDEX 

The viscosity index (V.L) of an oil is an 
empirical number indicating the effect of change 
of temperature on the viscosity of an oil. A low 
viscosity index signifies a relatively large 
change of viscosity with changes of temperature. 
In other words, an oil which becomes ex- 
tremely thin at hightemperatures and extremely 
thick at low temperatures is said to have a low 
viscosity index. Contrariwise, a high V. I, 
signifies relatively little change in viscosity 
with change of temperature. 

An ideal oil for most purposes would be 
one maintaining a constant viscosity despite 
temperature changes. The importance of vis- 
cosity index can be illustrated readily by auto- 
motive lubricants. An oil having a high V. I, 
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Table 7-2.— SAE Viscosity Numbers of Motor Oils and Corresponding Saybolt Viscosities 



Viscosity Range, Saybolt Universal Seconds 



SAE 
Viscosity 
Number 


Mln. 


At 130° F Blax. 


At 210° F 


Mln. 


Max. 


10 
20 
SO 
40 
50 
60 
70 


90 
120 
185 
255 


Less than 120 . . . 
Less than 185 ... 
Less than 255 . . . 
















Less than 80. 
Less than 105. 
Less than 125. 
Less than 150. 




80 
105 
125 















resists excessive thickening vAien the engine 
is cold and consequently ensures rapid start- 
ing and prompt circulation; it resists excessive 
thinning ^en the motor is hot and thus pro- 
vides fUU lubrication and prevents excessive 
oil consumption. 

Another example of the importance of vis- 
cosity index is the necessity for high V. I. 
hydraulic oils for military aircraft since hy- 
draulic control systems miQr be exposed to 
temperatures ranging froni below <-67T at 
high altitudes to over 100'' F on the ground. 
For the proper operation of the hydraulic con- 
trol system, the Iq^draulic fluid miist be of 
sufficiently high viscosity index to perform its 
functions at the extremes of the expected tem- 
perature range. 

The viscosity index an oil may be de- 
termined if its viscosity at any two tempera- 
tures is known. Tables, based on a large num- 
ber of tests, are Issued by the A8TM. These 
tables permit calculation of V. I. from known 
viscosities. ' ^ 



CLOUD AND POUR POINTS • 

The cloud point of an oil is the tempera- 
ture at which its paraffin content, luairmally 
held in solution, begins to s(Aldify and sepa- 
rate in tiny crystals, causing the t>il to ap- 
pear cloudy or hazy. The poiir point of an 
oU \is the lowest temperature at which It can 

be.iwured -- i ^' • • i-cp • i V' • 

; D^etem^ 

•li tbii^bil :is, to; be;i^^ :^ckrf<^ 



For example, an oil having a high cloud point 
would readily form wax crystals. These crys- 
tals would clog the wick and prevent the pas- 
sage of oil. Tbus, necessary lubrication would 
not be provided. 

The pour point Is of greater value and has 
a wider range of application thi^i the cloud 
point. The pour pohit is of particular sig^i- 
cance when a lubricant is to be used in 
machines exposed to low temperatures. For 
example, fighting aircraft, iwhich are flown at 
high altitudes iNiiere low temperatures exist, 
must use hydraulic oils having very low pour 
points. However, neither the pour point 4lone, 
nor the results of any other siqgle t^st, can 
be taken as a positive measure of the per- 
formance of an oil under all conditions of 
service. Other fbctorsr-such as the size and 
shape of the oil container, the force exerted 
upon the pU, and the nature of thf9 oil's physi- 
cal structure y/hen solidified- must be taken 
into consideration. 

Refrigeration equipment which holds rows 
of Jars, each fitted with a thermometer, is 
used in determining both cloud and pour points. 
Samples to be tested are placed in the Jars 
and the pour and cloud points ascertained. 
In determining cloud point, the Jars are chilled 
at a specified rate to — SO"" F. Readii^s are 
taken until the bottom of the oil sample be- 
comes cloudy, at iiAlch temperature the oil 
has reached its cloud point. The Jars are then 
chilled at a qpecUled rate down to — eo"" F or 
until a ppint is reached at which the container 
' cant ^be. bdd ;in ; a- tiorizontal position for five 
: seconds; witii m a^?^^ movement of oil. 
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The pour point is the temperature 5^ F above 
this point. 



STEAM EMULSION NUMBER 

Emulsion is the dispersion of one liquid 
in another. Although oil and water do not mix, 
they can be emulsified, the oil being suspended 
in the water in minute particles. The ability 
of an oil to become suspended in water in 
minute particles is known as its emulsibUity . 
Oils of good emulsibility are desirable in 
metal cutting and grinding operations. How- 
ever, the reverse is true in the case of steam 
turbine and lubricating oils ^ere it is highly 
desirable for the oil to separate rapidly from 
any steam or water which may reach it. 
Thus, a desirable characteristic of steam tur- 
bine and lubricating oils is good demulsibility, 
the ability to separate from water. 

There are several methods of determining 
the ability of an oil to separate from water. 
One of these is the ASTM test method in which 
steam is condensed in an oil sample to as- 
certain the time in seconds required for agiven 
amount of oil to separate from the condensed 
steam. The time in seconds is known as the 
Steam Emulsion, or SE nuniber of the oil. 



SULFUR CONTENT 

Free sulftir and sulfur compounds may be 
either desirable or undesirable ingredients in a 
petroleum product, depending upon the use for 
which the product is intended. They are de- 
sirable in certain lubricating* and cutting oils 
because free sulfur or sulfUr compounds in- 
crease film strength. However, lubricating oils 
containing free sulfUr cannot be used >K^ere 
copper, brass, or other nonferrous metals are 
present because free sulfUr Ig corrosive to 
these metals. 

Similarly, free stilfUr and corrosive sulfUr 
compounds are undesirabl e in gasoline and diesel 
fuel because, when these products are burned, 
the sulfur is converted into compounds, such as 
sulfur dioxide. These compounds may mix with 
water, another product of combustion, to form 
sulfurous or sulfuric acid^bbth of ^ich are 
hig^y corrosive to ferrous engine partili. Fur- 
thermore, free dfldfUr land cbrihDiEfive st^ « 
pounds' have = a corroisiy e ' effect on brass fU^ . 
lines, carbiiridtor partii/tod the like;> ' f 1 1 ' ; 



The presence of free and corrosive stdfUr 
in gasoline and kerosine is usually determined 
by the copper strip test method. This method 
involves determination of discoloration pro- 
duced when a strip of sheet copper is im- 
mersed- in the proiduct for three hours at a 
temperature of IZZ"" F. A similar method, 
using a temperature of 212'' F is used for de- 
termining the corrosive properties of liA)ri- 
cating oil. If, at the end of the three hours, 
the copper strip shows no signs of discolora- 
tion, the corrosion test is reported as nega- 
tive. If the copper strip is discolored, the 
sample is reporteid as corrosive. 



VAPOR PRESSURE (REID) 

All liquids tend to vaporize as a result of 
a positive pressure exerted by the liquid. 
When a liquid is placed in a suitable container 
and the temperature controlled, an accurate 
measure of the pressure exerted by the vapori- 
zed liquid may be Obtained. This vapor pres- 
sure indicates the tendency of a liquid to vapor- 
ize. Vapor pressure^and hence vapoi^ization— 
increases with increased temperature of both 
the product and the surrounding atmosphere. 
Vapor pressure is also dependent on the com- 
position of the liquid. 

Vapor pressure is an important factor in 
all gasoline^both from the standpoint of safety 
in handling and from the standpoint of perform- 
ance. In internal combustion engines, the fuel 
must vaporize into the cylinder; through the 
carburetor and into the manifold. If the vapor 
pressure is too high the fUel will vaporize in 
the fuel pump and feed lines, causing vapor 
lock. If the vapor pressure is tod low, the 
fuel will hot vaporize rapidly enough, result- 
ing in uneven operation. 

Although many test methods have been de- 
veloped for determining vapor pressure, the 
one ihost commonly used with petrdleum prod- 
ucts is the Reid Method. This standard test 
method is used to determine the vapor pres- 
sure of volatile, nonviscous petroleum products. 

The Reid Method employs a metal cylinder 
or bomb, having two chambers (one for liquid 
and one for air) which are connected by con- 
trol valves. (See fig. 7-2.) The bomb is fitted 
with a pressure gage and is constructedto with- 
stand pressure^ The product to be tested is 
placed in the liquid chamber , and the bond) is 
agitated and immersed in a waterbathat 100'' F. 
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per square inch (psi), but may also be expressed 
either in terms of millimeters of mercury or 
atmospheres. 



DISTILLATION 

The process of distillation is commonly 
used in the laboratory to test various petroleum 
products— particularly those which are vapori- 
zed in the course of their use, as are gasoline, 
kerosine, and solvents. By means of laboratory 
distillation tests, the distillation range of a given 
product is determined, as well as e amount 
of the product vaporized at vario. tempera-' 
tures. 

Knowledge of distillation range aids in *^re- 
dieting performance characteristics. Gasc ine 
must be sufficiently volatile to permit easy 
starting of an engine without preheating; it 
should not be so volatile that excessive evapora- 
tion losses occur or that premature vaporiza- 
tion in carburetors or fuel lines takes place, 
resulting in vapor lock. In the case of kerosine 
which is to be used for illuminating purposes, 
the presence of excessively high boiling point 
fractions results in the clogging or encrusting 
of lamp wicks. In the case of solvents, dis- 
tillation figures indicate the solvency value of 
the products, and in the case of solvents used 
in paints, indicate drying time. 



^^^^^^^^^^^^^^^^^^^^^^^^H There are many possible variations in the 

^^^^^^^^^^^^^^^^^^^^^^^^1 details distillation test methods, but test 

^^^^^^^^^^I^^^^^^^^^^^^^H methods involvethe general procedureofvapori- 

^^^^^^^^^I^^^^^^^^^^^^^H zing the liquid, under specific conditions, and 

^^^^^^^^^^^^^^^^^^^^^^^^^1 recording the results. The apparatus approved 

^^^^^^^^^H^^^^^^^^^^^^^l by the ASTM for the distillation testis shown 

^^^^^^^^^H^^^^^^^^^^^^^l in figure sample the product being 

^^^^^^^H^^^^^^^^^H^^^^^H tested is heated in a tlask— known as an Engler 

^^^^^^^^^^^^^^^^^^^^^^^H flask— which is fitted with a thermometer. The 

||m||||^^mimm||^^^HH|^^^HH vaporized pcrtions the product pass through 

a brass tube condenser which extends through an 
132«62 ice-water bs th into a glass cylinder. The re- 
Figure 7-2.— Apprxatus used in Reid Vapor suits are expressed in a niomber of figures 
Pressure method. which generally ilncTude: (1) initial boiling 

point, ^ich is she temperature at which the 
This procesfi is repeated and pressure gage first drop of distillate falls from the end of 
readings taken at intervals. These readings the condenser tube; (2) final boiling point 
aire averaged to obtain the uncorrected pres- (also called end point) , which is the tempera- 
sure, which is then conyertied to Reid Vapor ture at vAiich the last bit of the product is 
Pressure by the use of an ASTM table. Reidi vaporized;* and (3) temperatures at which the 
Vapa^' Pressure is usually esqpressed as pounds, various fractions are distilled. 
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132.63 

Figure 7.3.-Approved ASTM apparatus for distillation test. 



KNOCK CHARACTERISTICS OF GASOLINES 

The occurrence of knock, when using motor 
or aviation gasolines, is caused by an excessively 
rapid combustion of the last portion of thebum- 
ing charge. The knock characteristics of auto- 
motive gasolines and of aviation gasolines having 
a rating below 100 are normally expressed in 
terms of octane number. The knock characteris- 
tics of aviation gasolines having a rating above 
ICQ are normally expressed in terms of per- 
formance number. 

Scales for rating the knock performance 
characteristics of gasolines, as well as test 
methods for determining these characteristics, 
have been developed over a period of about thirty 
years. As early as 1921, a Cooperative Fuel 



Research Steering Committee, knownastheCFR 
C ommittee, was formed to represent such groups 
as the Society of Automotive Engineers, Ameri- 
can Petroleum Institute, National Bureau of 
Standards, and the Automotive Manufacturers' 
Association. A subcommittee of the CFR Com- 
mittee developed the first standardized test 
method for determining knock characteristics of 
gasoline and this method was subsequently ap- 
proved by the Society of Automotive Engineers 
and the ASTM. The present octane number 
scale was approved by the CFR Steering Com- 
mittee In 1930. However, witlTthe advent oi 
gasoline components rating above 100 octane 
number, a system of extending the knock rat- 
ing scale above 100 was required. The per- 
formance number scale* adapted by the Army 
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and Navy during World War II, has gained the 
widest acceptance. 

With the development of new high-speed 
engines and gasolines suitable for their opera- 
tion, new test methods have been and are being 
designed for determining the knock performance 
characteristics of these gasolines. Test meth- 
ods of determining knock characteristics of 
gasoline are discussed in the following pages, 
according to the type of gasoline to be tested, 
namely: automotive gasoline, and aviation gaso- 
line. 



Automotive Gasolines 



Two methods are usedtodetermlnetheknock 
characteristics of automotive gasolines: Motor 
Method and Research Method. Results of both 
methods are reported as octane number. Al- 
though the Motor and Research ratings of some 
gasolines are nearly the same, those of other 
gasolines differ materially. It is for this reason 
that the method used must be reported with the 
results' of the test, as '^80 octane number. 
Research Method'' or '^80 octane number. 
Motor Method.'' The word number should be 
included. Reference to "100 octane" gasoline is 
incorrect as ' 'octane" is a hydrocarbon and 
therefore has no real meaning in this connection. 
^'Octane number," on the other hand, clearly 
indicates a rating scale. 

The Motor Method indicates the knock char- 
acteristics of the gasoline under severe con- 
ditions— that is, at high temperatures and speed. 
In order to determine more accurately the kock 
performance characteristics of motor gasolines 
under mild conditions-that is at temperatures 
and speed more nearly approximating ordinary 
driving conditions, the Research Method was 
developed. The latter method, developed by CFR 
in 1030 and standardized by ASTM in 1050, is 
now most commonly used. The two methods are 
described briefly below: 

Motor Method,— The ASTM octane number. 
Motor Method, is determined by comparing the 
knock tendency of the fuel in question with a 
reference fuel of known octane number, when 
both are used in a test engine under controlled 
conditions. The engine used for testing motor 
fuels is known as the ASTM-CFR engine. It is a 
single-cylinder internal combustion engine which 
operates under ; specified conditions of intake 
air, mixture, and) cylinder Jacket temperatures. 



speed, compression ratio, spark advance, 
humidity, fuel- air ratio, and other factors. 

Reference fuels are obtained by mixing dif- 
termt percentages of pure iso-i^ctane (which has 
been given an aibitrary knock rating of 100) 
and normal heptane (vdiich has been given an 
aribtrary knock value of 0). The octane number 
of the fUel in question is the percentage by 
volume of iso-octane in the reference fuel which 
matches, the knock charactcfristics of the fUel 
when compared by this method. 

Research Method.— In this method, also, 
the knock tendency ofthefUel in question is com- 
pared with that of a reference ftiel of iso- octane 
and normal h^T^lane. The Research Method em- 
ploys the sam^i engme as hat Ubcd in the Motor 
Method, b'ot difCeretit operating conditions are 
specified. For ^uch^nple, the Research Method 
calls for vhc operation of the ASTM-CFR engine 
at 600 rpm and a constant sparkadvance, vAiere- 
as the Motor Method specifies 000 rpm and a 
variable sparkadvance.'Other changes include no 
heating of the intake mixture and different re- 
lation of compression ratio to o<.tane number. 

The difference between the o-^tane nuniber 
ratings of a fuel by Research and by Motor 
methods, which results from Itu response to 
this increase in severity of operating conditions, 
is called the ''sensitivity" ofthefuel.Someftiels 
have little or no soisitivity. Other components 
have negative sensitivity— that is, the Motor 
rating is higher than the Research. 

Aviation Gasolines 

Aviation gasolines differ from motor gaso- 
lines mainly in volatility and antiknock value. 
Knock ratings of aviation gasolines are deter- 
mined at both lean and rich-mixture operating 
conditions. The methods for d^ermining the 
knock performance characteristics of aviation 
gasolines under each of these conditions are: 
Aviation Method which determines the knock 
characteristics at a lean fUel-air ratio (the 
results of which are called either the lean or 
cruise rating); and the Supercharge Method which 
determines the knock characteristics under 
supercharge rich-mixture conditions (the re- 
sults /Of which are called the rich-mixture 
rating). Reference fuels (normal heptane, iso- 
octane, and iso-octane plus tetraethyl lead), by 
definition, have the same ratings by Aviation 
and by Supercharge methods. Most aviation gaso- 
lines differ materially in rating between the two 
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methods because of sensitivity, (although some 
components have zero or negative sensitivity— 
that is, aviation rating equal to or higher than 
Supercharge rating). 

In specifying ratings of aviation gasolines, it 
is common practice to give the lean rating first 
and to follow this by the rich-mixtiire rating. 
Thus, an aviation gasoline designated 115/145 
has a performance number of 115 when the Avia- 
tion Method is usedand 145 when the Supercharge 
Method is used. 

The Aviation Method was established about 
1936. Development of the Supercharge Method 
was started about 1940, to measure the knock 
peMorinance characteristics in rich^mixture 
take-offs. 

The Aviation and Supercharge methods are 
described briefly below: 

Aviation Method. -By operational conditions, 
this method is restricted to testing gasolines 
of 70 aviation octane number and over. An 
ASTM-CFR engine, basically similar to that 
employed for motor gasoline knock ratings, but 
differing in details, is used for rating ftiels by the 
Aviation Method. Determination of the knock 
performance characteristics is made by com- 
paring the average temperature of a thermal 
plug in the combustion chamber ofthe engine for 
the fUel in question with the averages forblends 
of reference fUcls of known octane number. 

As previously mentioned, the knock charac- 
teristics of aviation gasolines having a rating 
below 100 are normally reported in terms of 
octane number. In determining aviation octane 
number up to 100, the reference fUel is a blend 
of iso-octane and normal heptane. As in the case 
of automotive gasolines, the aviation octane 
number of the fuel in question is the percentage 
by volume of iso*octane in the reference fuel 
which matches the knock characteristics of the 
fuel when compared by this method. 

In determining the knock characteristics of 
aviation gasolines having a rating over lOOoctane 
number, the reference fuel used is iso-octane 
with additions of tetraethyl lead. In this case, 
the knock characteristics are reported interms 
of performance number. (They may also be re- 
ported as iso-octane plus tetraethyl lead.) Avia- 
tion octane ratings below 100 maybe converted to 
performance number by the use of tables. The - 
relationship of these rating scales is shown in ' 
figure 7-4. : i 
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Figure 7»4.-Relationship of octane rating and 
performance number scales. 

Supercharge Method .^By operational con- 
ditions this ipethod is restricted to testing ftiels 
of 85 sup^charge octane number and over. In 
this method, as intheaviationmethod, an ASTM- 
CFR engine basically similar to those of the 
foregoing methods but differing substantially in 
many details is used. The knock performance 
characteristics of the gasoline in question are 
determined by comparing the knock-limited 
power developed by the ftiel-in question with 
those for blends of reference fUels. The ratings 
are reported in the same way as are those ob- 
tained by the Aviation Method. A comparison of 
the ratings obtained by the Aviation Method dean 
rating) and the Supercharge Method (rich- 
mixture rating) is shown in figure 7-5. 

CETANE NUMBER 

Cetane number is the measure of the ignition 
quality of diesel engine fuels. When diedel fttel 
is injected into the conlbustion chaniber of a 
diesel engine, ignition does not occur immedi- 
ately. : The interval betweeh injection and ig- 
nition is known as the ignition delay « If thiis 
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Figure 7-5.— Relationship of lean and 
rich-mixture ratings of aviation gasolines. 

delay is relatively long, the accumulated Aiel 
burns with great rapidity causing engine rough* 
ness or knock. A short ignition delay is charac- 
teristic of fuels of high cetane number < 

As in determining the octane number of gaso« 
lines, the dlesel ftiel to be tested is compared 
with a reference fuel of known cetane number, 
when both are used in a test engine under con- 
trolled conditions. The reference fUdfor deter- 
mining cetane number is a mixture of cetane 
(which has been given an arbitrary Ignition qual- 
ity rating of 100) and alpha- methyl- naphthidene 
(which has been given an arbitrary ignition qual- 
ity rating of 0). The cetane number of the fUel in 
question is the percentage by volume of normal 
cetane in the reference fuel ^ich matches the 
ignition quality of the fUel when compared by 
this method. 

The cetane nuniber of dlesel fuels is signif- 
icant for engine starting and smoothness of 
operation. Smoke and exhaust odor vary to 
some extent with cetane number* However, the 
cetane requirements of individual dlesel engines 
vary and cannot be defined sharply because of 
differences in engine design and iservice. Where- 
as fuels having high cetane numbers (above 50) 
are desirable for use in high-speed dlesel en- 
gines, jnany;largej' slow-speed: diesel engines 
operate^ satisfactorily (m fUel9 having a cetane 
rating as Ipyt as i30« : > * - ? 



THERMAL VALUE OF FUEL OILS 

The thermal (calorific) value offueloUisthe 
amount of heat produced as a result of its com- 
plete combustion and is expressed in calories or 
Btu's (British Thermal Units). A calorie is the 
amount of heat necessary to raise the temper- 
ature of one gram of water one degree Centi- 
grade. The British Thermal Unit is the amount 
of heat required to raise the temperature of one 
pound of water one degree Fahrenheit. One Btu is 
equal to 252 calories. One calorie per gram is 
equal to 1*8 Btu's per pound. 

A knowledge of the thermal value of fuel oil 
is necessary in determining the efficiency of oil- 
burning equipment, and may also be useful in 
choosing between oils >K^ich are equally satis- 
factory for a specific purpose. 

To determine the thermal value of a fuel oil, 
a sample of the oil to be tested is placed in a 
bomb, which, intum,isplacedinawaterjacketed 
calorimeter. The sample is ignited and the rise 
in water temperature measured. The gross 
thermal value is the figure obtained by dividing 
the temperature rise of the water by the weight 
of the sample. To determine the net thermal 
value, certain corrections are made. It should 
be noted that the net thermal value may be 
1000 Btu's lower than the gross thermal value. 

In general, it may be said that the thermal 
value per unit of weight increases as the API 
gravity increases. For example, an oil of 10 
API gravity may show 18,270 Btu's per pound, 
while an oil of 20 API gravity may show 18,850 
Btu's per pound. However, the reverse is true 
when the quantities are measured in terms of 
volume. For exsCmple, the 10-gravity oil may 
show 152,120 Btu's per gatfon, and the 20- 
gravity oil 146,580 Btu's per gallon. 

NEUTRALIZATION AND SAPONIFICATION 
NUMBERS 

The neutralization nuir/^sr (commonly called 
neut number) of a lubricant is the nuniber of 
milligrams of potassium hydroxirip (an aU&li) 
required to neutralize one gram of ihe sample. 
Thus, the neut number indicati^tt the acidity of a 
product. The neutralization num'jer of the usual 
well- refined oil normally ranges from 0.02 to 
0.10 or even slightly higher. These low values 
indicate adequate removal of acidic materials 
used \xi refining the oil. In the case of us.ed oil, 
the neutralization number is useful as an indica- 
tion of the amount of organic acids formed in 
the oil during use. 
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The saponification number applies only to 
compounded oils (petroleum oils to which some 
animal or vegetable oil, or other chemical sub- 
stances have been added). This number, fre- 
quently called the sap number, is the number 
of milligrams of potassium hydroxide required to 
saponify one gram of the oil. (Saponification in- 
volves the decomposition of a tat or ester by 
an alkali to form a mixture ^ich is the base of 
soap.) This number indibates tiie presence and 
percentages of fiitty oil compounds in a lubricant. 

Both the neutralization number and the 
saponification number are also used to determine 
the amoimt of taXa or fktty oils in soaps i^Aiich 
are used as ingredients of grease. 



COLOR 

The color of an oil is no indication of its 
quality but is an important consideration in 
refining oils for certain uses. For example, very 
pale oils are specified for medicinal oUs and 
for textile machine lubricants. In the latter case, 
dark oils would cause stains if they came In 
contact with textiles. Color is also important in 
dry-cleaning solvents. Color is sometimes used 
in Judging the amount of deterioration of a used 
lubricant^such Judgment being based on a com- 
parison of samples of used and unused oil. 

Several instruments may be used to deter- 
mine color, but ASTM recommends the ASTM 
Union Coloriniister for testing oils ixAiich are 
darker than pale-straw color. Most lubricants 
are included in this category. In this ASTM test 
method, a sample of oil is compared with a series 
of standard color diskis until the nearest match is 
6btained. Colors are reported as numbers from 
1 to 8, the higher numbers denoting the darker 
colors. This numbering system is designated as 
the ASTM color scale. If the color of an oil is 
darker than 8, a sample of the oil is mixed with 
kerosine 15 percent and 85 percent respectively, 
and the test is then reported as a dilute color. 
Thus, an oil. No. 7 dilute (color scale, ASTM) 
is darker tiian an oil. No. 8 (color scale, ASTM). 

The Saybolt Chromometer is generally used 
for testing the color ofgasolines,keroslnes,ahd 
white oils. This test is performed by matching 
varying lengths of a cdlunm of oil against stand- 
ard color disks* Saybolt color is reported from 
-16 to -h3p» the higher numbers denoting the 
lighter colors. ^ / \ . 



ASH CONTENT 

The amount of noncombustible material (in- 
organic matter) in petroleum products is known 
as ash content. Clean lubricating oils should 
have no ash content, except that due to certain 
additives. The ash content of used lubricants is 
frequently determined to Indicate the amount of 
dust or dirt which enters a crankcase through 
the carburetor air intake. In the case of heavy- 
duty oils containing certain additives, the ash 
content may bedetermlnedto indicate theamount 
of additive remaining in the oil. 

In determining the ash content, a sample of 
oil is weighed in a small crucible and Ignited over 
a burner until all combustible material hasbeen 
removed. The residue left in the crucible is 
weighed, calculated to the percentage of the 
original oU, and recorded as the percentage of - 
ash (ash content). 



CARBON RESIDUE 

All ltd)ricating oUs, when burned, leave de- 
posits of carbon. Carbon-residue tests are indi- 
cations of the amount of carbon which oils may 
be expected to deposit when subjected to high 
temperatures. 

The Conradson Te^ Method is the carbon- 
residue test method most commonly used in the 
United States. In this method, a sample^ of oil 
is placed in a small crucible and heated in an 
apparatus approved by ASTM untU all volatile 
portions of the oU are driven off. The residue is 
weighed, calculated to percentage of original oil, 
and reported as carbon residue. 



OXIDATION TESTS 

All oils deteriorate in service, primarily 
through chemical combination with other prod- 
ucts. Sii\ce oil is always in /contact with air dur- 
ing use, it combines most frequently with oxygen. 
Oil oxidation forms insoluble solid materials 
(sludge), and soluble materials (principally or- 
ganic adds). > 

There are many, methods for testing 
oxidation- resistance of various types of oUs. 
One of the better known methods is the Sligh 
Oxidation test method. However, there is noone 
test method {Vrtiich is universally accurate for all 
types 1 of oilsv {Thus, it is essential that the cor- 
rect method be chosen to evaluate a given type 



Chapter 7-TESTING PETROLEUM PRODUCTS 



of oil. Although many oxidation- resistance test 
methods have been developed, all are based on 
the same general procedure. Air or oxygen is 
brought into contact with the oil sample, >;rtiich 
is kept at prescribed temperatures and other 
prescribed conditions for a specified period. 
Results are reported inoneofthe following ways: 
(1) amount of sludge and acid formed, (2) in- 
crease in oil viscosity, Or (3) time required to 
produce a specified quantity of sludge or acid. 

CORROSION 

Petroleum products are mostly used in con- 
tact with metal, and when it is essential that 
the metal shall not be subjected to any corrosive 
action of a product, it is customary to req[uire 
that the petroleum product pass an appropriate 
corrosion test. The corrosive substance most 
likely to be present in such products as gasoline 
and Jet fuels is free sulfUr which readily attacks 
copper. Prodiicts of this type are therefore re- 
quired to pass a test involving contact with 
polished copper for a specified period of time, 
at a specified temperature. For certain other 
products, which may contain corrosive free 
acids, tests are required to determine the effect 
upon iron or steel as well as copper. 

GUM IN GASOLINE AND JET FUELS 

The behavior of a fUel in an engine and the 
length of time it may be stored without deteriora- 
tion depend on the nature and amount of hydro- 
carbons in the fUel. As explained in chapt€lr 3, 
hydrocarbons differ considerably in their tend- 
ency to combine with other materials, such as 
oxygen in the air. When the hydrocarbons in gaso- 
line or jet fuels combine with oxygen, compotmds 
which are insoluble in the fUel are formed. These 
compounds are called gums . Several test meth- 
ods have been developed to determine either 
the amount of gum which will form if such a 
fuel is used immediately or thefUeltoform gum 
in storage. 

The ASTM Existent Gum in Fuels by Jet 
Evaporation Test Method (Jet evaporation 
method) describes a procedure for determining 
the gum existent in motor gasoline and aircraft 
fuels at the time of thetest. The results indicate 
the amount of gum deposition iK^chmay occur if 
the fuel is used immediately, but do not indicate 
the stability of the product toward gum forma- 
tion in storage. In this test method, the existent 



gum in motor and aviation gasoline is deter- 
mined by evaporating the sample to dryness 
under a stream ofpreheated air at approximately 
320" F. In the case of jet fUels the existent 
gum is determined by evaporating the sample 
under a steam jet at approximately 450\ The 
existent giun is the amount of nonvolatile resi- 
due expressed as milligrams per 100 milliliters 
of sample, present in the fuel as received for the 
test. 

The ASTM Oxidation Stability of Aviation 
Fuels (potential residue (gum) method) Test 
describes a procedure for deter mining the tend- 
ency of aviation fuels to form gum and deposits 
under accelerated aging conditions. The results 
may be used to indicate storage stability of the 
fuel. 

Test methods such as these help refineries 
to learn how and why gum forms and to develop 
chemical activities which delay and limit the 
^m formed. Such additives are called gum in- 
hibitors. 

FREEZING POINT 

The freezing point is an important charac- 
teristic of aviation fUels. The freeze point must 
be sufficiently low to avoid solidification and the 
blocking of filters at low operating temperatures. 
The freezing point test of aviation fuels is ac- 
complished by cooling the fuel (freed of water) 
under specified conditions until hydrocarbon 
crystals appear. The freezing point is the tem- 
perature at which this occurs. 

The ispecification for JP-4 jet fUel requires 
a freezhig point of -Te"* F, and that for JP-5 a 
freezing point of -SS"* F. Therefore, JP-4 fuel 
is more suitable for prolonged high altitude 
flights or flights in polar regions. The freezing 
point of JP-5 fUels is normally adequate for all 
Navy flight operations. 

WATER SEPAROMETER INDEX 

The Water Separometer Index is used to 
determine the ability of Jet fUels to release en- 
trained or emulsified water when passed through 
a coalescer-tjrpe water separator under con- 
trolled conditions. It predicts the effectiveness 
of water separation from fuels by conventional 
filter separator operating at issue points. 

THERMAL STABIUTY OF JET FUELS . 

The Thermsd Stability test is indicative of 
fuel performance during jet aircraft operiation 
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and is used to assess fuel stability at a given 
temperature. Unstable fuels deposit objection* 
able decomposition products in fuel system com* 
ponents of jet aircraft. 



SMOKE POINT AND SMOKE 
. VOLATIUTY INDEX 

The Smoke Point and Smoke Volatility Index 
indicate the burning characteristics of JP-4and 
JP-5 jet fuels respectively^ with respect to 
carbon formation within the combustors of jet 
engines* 



PENETRATION 

Penetration number indicates the consistency 
of greases^ petrolatums^ and similar plastic 
petroleum products. As explained in chapter 5^ 
consistency of finished greases is affected pri- 
marily by the kind of soap used in their manu- 
facture. It is also affected by the amount of 
soap^ method of manufacture, water content, and 
rate of cooling. The penetration number is de- 
termined by grease makers to control uniformity 
in production and by users to compare greases. 
However^ penetration number is not a true value 
of the ability of a grease to perform In service. 
To predict performance^ other characteristics 
must be known. 

In testing grease, an instrument known as a 
pene' i rometer . shown in figure 7-6, is used under ' 
prescribM conditions of temperature, load, and 
time. This instrument measures the depth to 
which a pointed cone penetrates the grease niAien 
the cone is dropped tato a sample firom a given 
height. The depth of penetration. In tenths of 
millimeters, is read on the scale of the pene- 
trometer and reported as the penetration num- 
ber. The lower the penetration number, the 
stiffer the grease; the higher the penetration 
number, the softer the grease. 



DROPPING POINT OF GREASE 

The ASTM dropping point of a grease is the 
temperature at which it passes from the semi- 
solid to the liquid state under certain test con- 
ditions. / 

The ASTM dropping point taidicates the re- 
sistance of greases to heat. TThe test method lis 
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Figure 7-6.— Penetrometer used In measuring 
consistency of greases. 
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Figure 7- 7.— ASTM cone-shaped centrifuge ttibe. 
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used, for example, to distinguish conventional 
lime-base cup greases from high- melting-point 
types, such as soda-base greases. 



SEDIMENT AND WATER 
(CENTRIFUGE METHOD) 

The amount of water and insoluble solid im- 
purities in petroleum products may be deter- 
mined by several methods. The centrifuge 
method is considered by ASTM as the most de- 



sirable of the several methods. The apparatus 
used in this method is the ASTM cone-shaped 
centrifuge tiibe, shown in figure 7*7. In the 
centrifuge method, the oil to be tested is diluted 
with benzene and centrifuged under specified 
conditions. When this process is completed, the 
combined volume of water and sediment in the 
bottom of the tubes is read on each tube and 
recorded as the percentage, of water and sedi- 
ment, centrifuge method. This method for sedi- 
ment and water is frequently referred to as BS 
& W (bottom sediment and water). 
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MILITARY PETROLEUM PRODUCTS 



Many specialized petroleum products must 
be developed by the military services to ensure 
adequate performance of complex and highly 
specialized military equipment. Todevelopthese 
products, continuous research is necessary. 

Research may be undertaken by any one of 
the military services in its own laboratories or 
may be performed by an outside agency under 
contract. In either case, the interested military 
service submits a description of the proposed 
research project to the Department of Defense, 
Office of the Director of Defense Research and 
Engineering. This description includes such 
information as the necessity for the research, 
results to be expected, estimated cost, and the 
miniber of persons required for performing the 
research. . 

The Office of the Director of Defense Re« 
search and Engineering, through its Committee 
on Fuels and Lubricants, coordinates research 
and development projects concerning petroleum 
for the three military services. This committee 
is jnade up of representatives of each of the 
military services and of industry. Proposed 
research projects, submitted by any of the mili- 
tary services, are reviewed by the full com- 
mittee or by the appropriate panel to determine 
^rtiether the project is worthwhile, whether it is 
a duplicate of oUier research, its cost, and the 
like. After these considerations, the proposal is 
either approved or rejected. 

Since many petroleum products are utilized 
by the military services and the quality require- 
ments of these products necessarily change with 
new developments in the equipment for which the 
products are designed, no attempt is made to 
cover all military petroleum products in this 
chapter nor describe singie specifications. 

Reference to chapter 7 ^'Testing Petroleum 
Products,'* will be helpful in understanding the 
discussion of products since quality require- 
ments are normally described in terms of 



standard test methods. A review of chapter 3, 
^Troperties of CrudePetroleum,'' >Kdiich covers 
some of the .chemical properties of hydro* 
carbons, will also be helpftil. 



MILITARY SPECIFICATIONS 

Specifications for all military petroleiun 
products govern the quality requirements of 
products used by the military services. The 
quality of products is dictated by the equipment 
and the anticipated conditions of service or oper « 
ation. Quality is always temperedby availability. 
Availability is an important consideration in es« 
tablishing specifications, even during peace- 
time, because the equipment must use the ma* 
terial ^ich would be available in sufficient 
quantity during emergencies when petroleum 
becomes a critical item. Therefore, the aim of 
the Department of Defense is to ask for petro- 
leum products of the quality consistent with 
requirements in military operation and with 
adequate supply. 

The military services require an ever« 
increasing number of specializedtypes of equip* 
ment, each of which makes more complex the 
problem of supplying petroleum products. Rec« 
ognizing this problem, the Department of Defense 
continuously attempts to combine the different 
requirements into Joint specifications, and can- 
cels those specifications no longer required. A 
reduction in the number of products required 
simplifies the refining problems for industry and 
the logistics problems for the services. 

Specifications are documents, intended pri« 
marily for use in procurement, whichare clear, 
accurate descriptions of the technical require- 
ments for items, materials, or services, in* 
eluding the procedures by vdiich it will be 
determined that the requirements havebeen met. 
Military specifications covering petroleum 
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products, as well as other commodities, are 
divided into six sections, viz: 

1. Scope.— Includes statement as to the prod- 
uct covered and classification or grade(s). 

2. Applicable Documents.— Includes refer- 
ence to other specifications, standards, or pub- 
lications containing requirements pertinent to 
the product which must be met. 

3. Requirements.— Briefly defines theprod- 
uct and specifies physical and chemical prop- 
erties. 

4. Quality Assurance.— Specifies inspection, 
testing, acceptance, and qualification require- 
ments. 

5. Preparation for Delivery.— Specifies ap- 
propriate packaging and packing requirements, 
markings, and other information relating to 
shipment requirements. 

6. Notes.— Includes statement as to intended 
use, ordering data, standardization, whether or 
not qualification of the product or ingredients is 
reqv\Ted. 

The procedure and format for preparation of 
specifications are described in the Defense 
Standardization Manual, M200. 

Preparation of Specifications 

Tte Office of the Assistant Secretary of 
Defense (Installations and Logistics) has the 
overall responsibility for coordination of the 
Defense Standardization Program. The military 
departments are assigned segments of the pro- 
grau, consistent with departmental capacity and 
supply interest, with due regard to departmental 
mission. 

All specifications current in July 1955, were 
converted to either Federal or Military Specifi- 
cations (MIL Series). New or reissued specifi- 
cations are assigned to the military department 
having primary interest and are coordinated 
with other departments having user interest 
and with industry. The steps in establishing 
specifications are as follows: 

1. A preparing activity of the Department of 
Defense prepares the specification in draft form. 

2. The preparing activity circulates the 
draft for comment of other military depart- 
ments, other goveriunent agencies, and some- 
times private industry. , 

3. The preparing^ activity resolves com- 
mentSj, ccorainates requirements, and circulates 
the final draft of the specification. 

4. The proparir g activity reconciles com- 
ments on ttie !inal draft, approves, the docu- 
ment, and arr^inges for printing. . 



The Defense Standardization Manual provides 
f 0 r the issuance of interim (uncoordinated ) 
specifications of the Navy, Army, andnir Force 
when, in an emergency, it is necessary to ob- 
tain specifications for immediate procurement. 
However, these uncoordinated specifications 
must be resolved as MIL Specifications after 
being in use 6 months. 

Specifications are never static because re- 
quirements for military petroleum products nec- 
essarily change with new developments in mili- 
tary equipment and with changing operational 
conditions. Also, as standardization of Military 
Specifications progresses, uncoordinated speci- 
fications are superseded by coordinated speci- 
fications. Therefore, no attempt is made to 
describe herein any single specification, nor to 
list the specifications in effect at any given 
time. 



MILITARY QUAUFIED PRODUCTS 

Since most petroleum specif ications covering 
lubricants and specialty items are based on 
performance requirements, extensive use is 
made of the Qualified Products List procedure. 
This procedure is utilized to avoid delay in 
procurement of items which require extensive 
testing under simulated or actual use conditions 
or prolonged lime periods. A representative 
sample of the desired product is pretested for 
compliance with the specification requirements 
and the supplier's name placed on the Qualified 
Products List. In such cases, only inspection 
tests required under the specification are con- 
ducted on eacli individual batch. Tj^e qualification 
granted remains in force until the supplier 
changes formulation or ingredients, in which 
case new samples are submitted for qualifi- 
cation. 

Authority is delegated tothe military depart- 
ments to prepare, issue,* maintain, and cancel 
Qualified Product Lists. Qualification is ap- 
propriate under any of the following conditions: 

1. The time required for testing in connec- 
tion with production would unduly delay delivery 
of the products being purchased. 

2. The tests would require special equip- 
ment not commonly available. 

3. The costs of repetitive testing would be 
excessive. 

4. The interests of the Government require 
assurance, prior to contract award, that the 
product is. satisfactory for its intended use. 
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Summary of Qualification Procedures 

As soon as practicable after a manufacturer 
requests qualification of a petroleum product, 
and if the request is approved, the activity con- 
cerned authorizes the test and sends the manu- 
facturer necessary information including the 
military specification title and symbol, the in- 
structions for forwarding the manufacturer's 
samples, and a statement as to payment of costs 
of tests. (Charges are made for qualification 
tests except where it is in the best interest of 
the Government not to charge for the test, as 
in cases where either adequate competition has 
not been developed in industry or sufficient 
sources of supply to assure availability have 
not been established. ) 

After the manufacturer has submitted 
samples and certification as required, tests are 
conducted at the laboratory designated by the 
activity responsible for qualification. A manu- 
facturer's representative may be permitted to 
observe the testing in accordance with specified 
rules. 

Upon receipt of results of the laboratory 
test, the activity responsible for qualification 
analyzes the results to determine irtiether the 
product is qualified. If approved, the product 
1? listed in the Qualified Products List and the 
manufacturer notified. However, the manufac- 
turer is also warned that the listing does not; 

1 . Guarantee acceptance of the product in any 
future purchase; 

2. Constitute a waiver of the requirements of 
the specification as to acceptance, inspection, 
testing, or other provisions of any contract 
involving the product; 

3. Permit any statements of approval to be 
reproduced, circulated, referred to, or other- 
wise used for private commercial sales, pro- 
motional, or advertising purposes. 

If the product is not approved for Inclusion 
in a^Qiialified Products List, the manufacturer 
is notified and a report covering the results of 
the test forwarded to him. 

AVIATION GASOLINES 

Gasoline is used as the fUel in all recipro- 
cating aircraft engines. A reciprocatingaircraft 
engine is one type of internal combustion engine. 
In order to operate, any internal combustion 
engine must have pistons, cylinders, a Kliel, and 
a source of ignition. These factors, yAten prop- 
erly coordinated, transmit the motion of the 



piston (inside the cylinder)to the circular motion 
of a crank shaft. The motion of the piston is 
caused by the expansion of the burning fuel. As 
shown in figure 8-1, the air fuel mixture is ig- 
nited in the combustion chamber by the spark 
plugs and burned as the piston travels toward 
top center. The ignited charge then expand3 and 
drives the piston downward in the cylinder 
barrel. 

Properties of Aviation Gasolines 

The most important properties of aviation 
gasolines are: (1) volatility; (2) knock value; 
(3) vapor pressure; (4) stability; and (5) solvent 
or corrosion properties. 

1. Volatility. -A volatile liquid is one cap- 
able of readily changing from the liquid to the 
vapor stage by the application of heat or by 
contact with a gas into which it can evaporate. 
A ftiel, to be useful in producing power, must be 
changed from liquid to vapor by the time the 
spark passes into the cylinder. Any portion of 
the fuel which fails to evaporate is not only 
wasted but may damage the engine by removing 
lubricating oil from the cylinder walls, piston 
rings, and other parts. 

Isopentane, a component of all high grade 
aviation gasolines, is the most readily vaporized 
- constituent of these fuels. It boils at 82"" F and 
will form an explosive mixture, suitable for 
burning in an engine, when it is sprayed into air 
having a temperature of es"" F. In contrast, the 
least readily vaporized constituents form suit- 
able mixtures in an engine only when they are 
sprayed into air having a temperature of 80'' F 
or above. 

Aviation gasoline is a mixture of components 
boiling over a wide range of temperature (82'' F 
to 300'* F). The boiling range of any given avia- 
tion gasoline isdeterminedby laboratory distill- 
ation tests as explained in chapter 7. The 
distillation test provides a considerable amount 
of information concerning relative engine be- 
havior. The temperature at which 10 percent of 
the gasoline is boiled off gives a reasonable 
prediction of the lowest atmospheric tempera- 
ture at which the engine will start vftien primed 
with this gasoline (provided that the lubricating 
oil condition will permit the engine to turn over 
fast enotigh). The temperature at which 50 per- 
cent is boiled off indicates the eas^ with which 
the^engine warms up. The temperature at which 
90 percent boils off gives an indication of the 
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Figure 8-1. ^Diagram showing cylinder of an internal combustion engine. 



132.67 



possibility that some gasoline may not burn, re- 
sulting in damage to the engine as previously 
noted. 

2. Knock Value.— In a spark ignition engine, 
the fuel, ignited in the combustion chamber, 
burns smoothly until part of it is consumed, but 
if either the fuel or engine operating conditions 
are unsuitable, the last remaining portion of the 
ftiel bums with a suddenness resulting in a knock 
or ping. This sudden burning is called knocking 
or detonation. (The methods of determining 
knock characteristics of aviation gasolines have 
been described briefly in the previous chapter.) 



Detonation has destructive effects both on en- 
gine parts and on performance. It increases the 
temperature of the combustion chamber, thereby 
reducing the ability of the ltd)ricating oil to 
lubricate the cylinder walls and rings, and it un- 
necessarily weakens internal engine parts. Vio- 
lent detonation also reduces power output. 

The addition of tetraethyl lead decreases the 
knock tendency of gasolines. Tetraethyl lead. If 
added alone, would bum to lead oxide (a solid 
having a very high boiling point) and this would 
remain primarily in the cylinders. Therefore, a 
gasoline- soluble bromine compound is added to 
the lead to serve as a scavenging agent. As a 
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result, lead bromide is formed on combustion. 
Lead bromide^ having a much lower boiling point 
th&n lead oxide, is expelled from the conibustion 
chamber with the exhaust gas. 

3. Vapor Pressure.— As explained in chapter 
7, the tendency of gasoline to vaporize is deter- 
mined by the Raid Vapor Pressure Test method 
and is an index of the volatility of the liquid from 
which the vapor is produced. If the vapor pres- 
sure is too high, the fuel may vaporize in the 
fuel distribution system, caustag vapor lockand 
possible stoppage of the engine. Conversely if 
the vapor pressure is too low, it will not vaporize 
rapidly enough with the result that engines are 
more difficult to start and operation may be 
uneven. 

4. Stability.^-Stability is that property of a 
gasoline ^liich gives it the ability to retain its 
physical and chemical properties intact, even 
during extended storage. 

Unliable gasolines lose the properties which 
provide full power and clean burning, and ixMch 
prevent undesirable combustion chamber and 
carburetor deposits. 

Military specifications and constant testing 
and inspection provide safeguards against the 
delivery or use of unstable gascflines. 

5. Solvent or Corrosion Properties.— These 
properties are largely a function of chemical 
composition. An aviation gasoline containing 
such materials as sulfur and chlorine compounds 
and inorganic acids is destructive to the fUel 
system and to the engine. For this reason, the 
copper strip test is specified for aviation gaso- 
lines and a maximum sulfur content established. 

Grades of Aviation Gasolines 

Aviation gasolines utilized in military recip- 
rocating engines include: 

Grade 

115/145 
100/130 

91/96 

80/87 

Grade 115/145 is most widely used by the 
military services. Lower octane grades are 
used in small fixed wing aircraft and certain 
helicopters, where available. Requirements 
of the individual grades are diown in table 8«1; 
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Properties of Automotive Gasolines 

The fuel system of an automotive engine is 
shown in figure 8-2. Automotive gasolines differ 
from aviation gasolines mainly in volatility and 
antiknock properties. They also differ in vapor 
pressure. Because of these differences, the use 
of automotive gasoline in aircraft is unsafe un- 
less both the aircraft engine and the aircraft 
itself have been adapted for its use. 

The volatility of motor gasoline, as a whole 
is slightly higher than that of aviation gasoline. 
The Reid Vapor Pressure of automotive gaso- 
lines is also usually higher than that of aviation 
gasoline. As we have seen in chapter 7, the 
knock characteristics of automotive and aviation 
gasolines are expressed some^liat differently 
and, therefore, quick comparison of this char- 
acteristic is somewhat difficult. However, one 
important difference ¥liich is related to knock 
characteristics can be pointed out. Aviation 
gasolines from-grades 91/96 upward contain a 
higher lead content than automotive gasolines 
(thereby attaining superior antiknock perform- 
ance). Moreover, if tetraethyl lead is used in 
automotive gasolines, both bromine and chlorine 
compounds are added as scavenging agents 
whereas in aviation gasolines only the bromine 
compotmd is added. 

Military Automotive Gasolines 

1. Conibat.— Gasolines in this category are 
suitable for use in all automotive gasoline en- 
gines under all conditions of service. Two types 
of combat automotive gasolines are commonly 
used by the military services. Type I is in- 
tended for general use at all temperatures above 
0"" F; type 11 for areas ^ere the mean tempera- 
ture is consistently below 32"" F. Chemical and 
physical requirements are shown in table 8-2. 

2. Conunercial Motor Gasoline. —This gaso- 
line requires no special refining or processing 
other than that commonly employed for the 
commercial production of regular and premiimi 
motor gasoline used by the general public. Each 
grade has three automatic provisions for locality 
and climatic cimditions. 
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Table B-l.-Requirements of Various Grades of Aviation Gasolines 





Color ^ 


Tetra ethyl 
lead content. 


Knock- rating (min) 


Grade 


ml/U.S. 
gallon, 
(max)* 


Lean mix- 
ture 


Rich mix- 
ture 


80 

91/96 

100/130 

115/145 


Red 
Blue 
Green 
Purple 


0.50 
4.60 
4.60 
4.60 


I 80.0 
, 91.0 
I 100.0 
* 115.0 


/ 96.0 
I 130.0 
* 145.0 



* Color for each grade shall be within the minimum and maximum Air Force-Navy Aeronautical 
color standards for the applicable color. No dyes other than the following shall be present in the 
finished fuel: 

Blue: Essentially an alkyl substituted anthraquinone; 
Yellow: Essentially p«Dimethylaminoiazobenzene; 

Red: Essentially 2,3*-Dimethylazobenzene-4'-azo«2«naphthol 

If the grade 80 fuel contains no tetraethyl lead, the color shall be no darker than plus 20 Saybolt. 

^ The tetraethyl lead shall be added in the form of an anti-knock mixture containing not less 
than 61 percent by weight of tetraethyl lead and sufficient ethylene dibromide to provide two liromine 
atoms p^r atom of lead. The balance shall contain no added ingredients other than kerosine, an 
approved inhibitor /and blue dye as specified herein. 

o 

Octane number. 

^ Performance number. For rich-mixture knock ratings, this shall be determined at the fuel- 
air ratio at which the maximum indicated-mean-effective pressure of the lowei bracketing refer- 
ence fuel is obtained. 
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Figure 8*2.-Fuel system of an automotive engine. 
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Table 8-2.«Chemical and Physical Require- 
ments of Automotive Gasolines (Combat) 
MIL-G-3056 





Type I 


Type II 


Distillation 






10 percent evap- 






oration, "^F 


140-158 


122 max. 


50 percent evap- 






oration, "^F 


194-239 


203 max. 


90 percent evap- 






oration, 


275-350 


302 max. 


Residue, per- 






cent, max 


2 


2 


Reid vapor 






pressure. 






pounds 


8 max. 


14 max. 


ASTM octane 






no., min 


86/95 


86/95 


Gum, mg/100 




ml., max 


4 


4 


Sulftir, percent. 






max 


0.25 


0.25 


Corrosion, max 


1 


1 


TEL content. 






ml/gal., max 


3.0 


3.00 


Oxidation sta- 






bility, ihinutes. 


480 


480 ; 


min. 1 






Color j 

— ^^^^ ^ 


Red- Equal 


Red-Equal 




to stand- 


to stand- 




ard 


ard 



^ j JET FUELS 

Jet Aircraft Engines 



Special fuels are required for jet aircraft 
engines. The Jet aircraft engine, like the piston 
engine, produces power by the expansion of heated 
air. This engine consists of an air compressor 
(or compressors), a combustion section, and a 
turbine or turbines. Atmospheric air is taken 
In and compr^issed. Fuel, which is burned in 
the compressed air, expands throiigh a turbine 
which in turn drives the compressor. 

Two types of Jet aircraft engines used by the 
military services are: (l)turbo jet,and(2)turbo 
prop. (The turbo \k\ is shown in figure 8-3.) 
These types differ only in the means by \*ich 
they apply the power they produce to obtain pro- 
pulsion of the aircraft. Theturbo Jet— which has 
been more widely used^produces thrust entirely 




oil COOLER EXHAUSf 

fHRUSf 



12.28 

Figure 8-3.— Tuito jet engines: (1) i«adial 
flow, (2) axial flow. 



by the jet; the turbo prop obtains thrust mostly 
from the propellor but also from the jet effect 
of the exhaust. 

Property Requirements of Jet Fuels 

J et aircraft engine performance does not vary 
as much with ftiel type as does piston engine per- 
formance. However, the belief, once held, that 
the Jet aircraft engine would run on anything that 
would bum is no loiger acceptable. 

The major requirement of a ftiel for any Jet 
aircraft engine is that i< be a source of heat 
energy. (This is also a major consideration in 
piston engine fuel.) For use in jet aircraft en- 
gines, the following properties are necessary: 

1 • The ftiel must contain as much heat energy 
as possible both per unit weight and per unit 
voltune. 

2. Combustion properties^^ich are re- 
lated both to chemical composition and vola-;. 
tility^must be as good as possible. 

3. The ftiel must have a low freezing point 
due to the low temperatures encountered by Jet 
aircraft flying at high altitudes for long periods 
of time. 
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In addition, loss of fuel in flight by evapora- 
tion must be considered, as well as the fact that 
the fuel should be noncorrosive, should not clog 
fuel filters, and should not produce vapor lock or 
slugging. (Slugging is the loss of liquid fuel from 
tank vents owing to the pulling action of escaping 
vapors.) 

Development of Jet Fuels 

The gas turbine aircraft engine (turbo Jet) 
was originally developed in Germany. It was 
further developed in Great Britain and was de- 
signed to use kerosine as the fuel. The U.S. Jet 
engine was developed largely from the British 
design and a fuel (JP-1) was developed. This 
consisted principally of a well refined kerosine 
fraction from crude petroleum. JP-1, however, 
was more restrictive than the British fuel, re- 
quiring a flash point of 110'' F (in comparison 
with the British requirement of 100'' F) and a 
freezing point of -76^ F (in comparison with the 
British requirement of -40'' F). the availability 
of a kerosine fuel such as JP-1 became a major 
problem. Its availability was considered to be 
only about 3 percent of the average barrel of 
crude petroleum. Because of low potential 
availabUity , in comparison with gasoline fraction 
fuels, the military services developed an ex« 
perimential fuel (JP-2), and subsequently, a fuel 
known as JP-3, which was supplied for opera- 
tional aircraft. Because the fuel had a Reid 
Vapor Pressure ranging from 5.0 to V.O pounds 
per square inch, a percentage of the fuel in air- 
craft tanks was lost in flight, owing to the evap- 
oration of light ends. The effective range of air- 
craft was accordingly decreased. To overcome 
this disadvantage, another fuel, known as JP«4, 
was developed. Effective 1 January 1952, all 
aircraft turbine and Jet engine fuel purchased for 
the Navy and Air Force was to be JP-4. Subse- 
quently, another kerosine type of Jet fuel, JP*5, 
was developed for use by the Navy. It has a 
flash point of 140" F minimimi, making it a safe 
fuel for storage on aircraft carriers. It has a 
freeze point of -55" F. It is the principal Jet 
fuel used by the Navy. Thus, in a period of a few 
years, five types of Jet fuels were developed by 
the U.S. military forces. Itistobe expected that 
new types will be developed as research on Jet 
aircraft engines progresses. 

Types of Military Jet Fuels 

Twotypes of Jet fuels used by the military are: 
1. JP-4, a wide cut. gasoline type fuel, has 
a low vapor pressure (2*0 - 3.0 psi, Reid), and 



was developed to overcome the problem of evap- 
oration losses which were characteristic of 
JP-3. 

2. JP-5, a high flash point, (1 4 O^F) kerosine 
type ftiel which was originally developed foruse 
by Aircraft carrier planes where a safer fuel than 
JP-4 was required for storage aboard the car- 
rier. The vapor pressure of JP-5 is normally 
zero. It is now the principal aircraft fuel used 
by the Navy ashore and afloat. 

A summary of the important requirements of 
JP-4 and JP-5 is given in table 8-3. 

Aviation gasoline has been used in military 
turbojet aircraft and therefore deserves mention 
at this point. Aviation gasoline can be used in 
some Jet aircraft in an emergency, when different 
fuels for pistonandturbineenginesarenotavail* 
able in some particular areaof operations. How* 
ever, aviation gasoline should not normally be 
used in Jet engines inasmuch as it reduces over* 
all efficiency of operation and, if continuously 
used, necessitates increased operational main* 
tenance. 



FUEL OILS 

In the following discussion, fuel oils are 
classified according to use as: (1) diesel fuels 
and (2) burner fuels. 

Diesel Fuels 

Diesel fuels are used in diesel engines in 
which air enters the engine at at mosphericpres* 
sure or is forced in under higher pressures by 
a pump or blower. The engine develops power 
by internal combustion in the same way as a 
gasoline engine, but differs in the way the fuel 
is ignited. In a gasoline engine, gasoline vapor 
is mixed with fresh air in a carburetor and 
ignited by an electric spaik. In a diesel engine, 
fuel is injected into a combustion space through 
an injection nozzle vrtiich breaks the fuel up into 
a fine spray, and fuel vaporis then ignited the 
heat of the air in the cylinder. The air obtains 
its heat as a result of being compressed by the 
piston. A diesel fuel- injection system is shown 
in figure 8-4. 

The properties of fuel oils having consider- 
able influence on the performance and reliability 
of a diesel engine are: 

1 . Ignition Quality . «-*The ignition quality of a 
fuel determines not only the ease of ignition and 
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Table 8-3.— Summary of Requirements of 
JP-4 and JP-5 





JP.4 


JP.5 


Flash point, min. T 




140.0 


Reid Vapor Press., 






psi min. 


2.0 




Reid Vapor Press., 






psi max. 


3.0 




10% evaporated point, 






max. T 




400.0 


90% evaporated point, 






max, T 


470.0 




End point, max. T 




550.0 


Freezing point, max. 






op 


-76.0 


55° F 


Sulfur percent by 






wt. max. t 


0.40 


0.40 


Mercaptans, percent 






by wt. max. 


D.OOll 


0.001 


Inhibitors permitted^ 


Yds 


No 


Existent gum mg/100 






ml. max. 


7.0 


7.0 


Accelerated gum - 






(16.0 hrs.) tag/ 






100 ml. max. 


14.0 


14.0 


Corrosion, copper 






strip, max. 


1 


1 


Water separometer 






index, max. 
Specific gravity (60/ 
60) max.* 


55 


85 






0.802 


0.845 


Specific gravity (60/ 






60) min.2 


0.751 


0.788 


Viscosity at -30° F 






centistokes, max. 
Aromatics percent by 




16.5 






vol. max. 


29.0 


25.0 


Heating value (lower 






or net) Btu/lb. 






min. 


18,400 


18,300 



Inhibitors may be added to the extent re- 
quired (max. 1.0 lb approved inhibitor for each 
5000 U, S. gallons at finished fUel) to prevent 
formation of excessive gum during the oxygen 
bomb test. Several inhibitors are approved for 
use. 

%)ensity of fuel at eo** F. 
Density of water at 60"" F. 



of starting cold engines, but also the kind of com- 
bustion bbtained from the ftiel. The higher the 
cetane number, the easier the starting, even at 
low temperatures, together with quicker warm- 
up, smoother and quieteroperation, lower maxi- 
mum cylinder pressures and more efficient 
combustion. 

2. Volatility.^In order to obtain low fuel 
consumption, low exhaust temperature, and min- 
imum smoke, small diesel engines demand 
higher volatility than do heavier engines. 

3. Tendency To Form Carbon Deposits on 
Engine Parts. 

4. Viscosity.— Lubrication of thepartsinthe 
fuel injection system depends entirely upon the 
fuel oil, and therefore its viscosity cannot be 
below a certain minimum value. 

5. Sulfur Content. 

6. Ash and Sediment. 

7. Flash Point.^ A fuel having an excessively 
low flash point is dangerous in storage and 
handling. 

8. Pour Point.-This is of particular impor- 
tance for cold-starting an engine, and for han- 
dling the oil between the storage and the engine. 

9. Acidity.^A fuel oil m\ist not be corrosive. 
The military specification for marine diesel fuel 
oil provides for one grade. The Federal specifi- 
cation provides for four commercial grades: 
Arctic, Winter, Regular, and Heavy. 

Some important chemical and physical re- 
quirements of the several grades of diesel fuels 
are shown in table 8«4. 

Fuel Oil Burner (Military) 

Fuel oil is burned in the fUmaces of boilers to 
generate heat which is transferred to water, gen- 
erating steam which serves to carry the heat 
energy to the engines for conversion into useful 
work. This work includes the propulsion of the 
shiPf and the production of power for steering, 
lighting, ventilating, heating, cooking, refrigera- 
tion, operation of various types of electrical 
equipment, and the power for loading, aiming, 
and firing the ship's gmis. The steam propulsion 
plant is, generally used in combatant ships of and 
above the destroyer class and in many of the 
smaller craft. 

The military specification for burner fUel oil 
provides for two grades: (1) Navy Special which 
is intended for combatant vessels; and (2) Navy 
Heavy which is intended for other than combatant 
vessels. A comparison of the two grades maybe 
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Figure 8-4.— Diesel fuel- injection system. 
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Table 8-4.-*Some Important Chemical and Physical Requirements of Commercial and 

Military Diesel Fuels 





COMMERCIAL 




DF-A 
(Arctic) 


DF-1 
(Winter) 


DF-2 
(Regular) 


DF-4 
(Heavy) 




Ignition quality, cetane number 


40 


40 


40 


35 


47 


(min.) 












Distillation, 90 percent point, 
F (max.) 












550 


575 


675 




675 


End point, F (max.) 


575 


625 


725 




725 


Flash point, F (min.) 


100 (2) 


100 (2) 


125 (2) 


130 (2) 


150 


Kinematic viscosity, centistokes 








at lOO'F 


1.4-4.0 (1) 


1.4-4.0 


1.8-6.0 


5.8-20.6 


2.1-6.0 


Carbon residue on 10 percent 












bottoms, percent (max.) 


0.12 


0.15 


0.25 


O.SO 


0.20 


Sulfur, percent (max.) 


0.25 


0.5 


1.00 


1.50 


1.0 


Water and sediment, percent 












(ir X.) (estimated) 


0.03 


0.05 


0.05 


0.50 


0.01 


Ash, ^ .cent (max.) 


0.01 


0.01 


0.02 




0.005 


Cloud point F (max.) 


-50 


(3) 


(3) 


"(3) 


10 


Pour point F (max.) 


-70 


(3) 


(3) 


(3) 


0 



(1) Equivalent to viscosity of 33-45 SSU at lOO"" F. 

(2) Or legal requirement. 

(3) See specification. 



made by referring to table 8-5. Navy Special 
must be subjected to a conqpatibility test. This 
is necessitated by the fact that the Navy obtains 
its fuels on a worldwide basis and while two 
fuels might be stable by themselves and offer 
no problem as to sedimentation or fpuling of 
heater surfaces, a mixture ofthe two fuels might 
be harmful. 

The compatibility test is done by mixing the 
Burner Fuel Oil, Navy Special, under test in a 1 
to 1 ratio with approved reference fuels, and then 
subjecting the mixture to thermal stability tests. 
It has been found that strai^t run fuels are com- 
patible; cracked fuels which are in themselves 
stable are compatible; blends of cracked and 
straight run fuels may or may not be stable de- 
pending upon the properties of each blend. 
Standard reference fuels have been selected to 
represent: (1) the cracked type, and (2) the 
straight run type of fuel. 

Fuel Oil Burner (Commercial) 

Burner fuel oil is intended for use in oil- 
burning equipment for the generation of heat in 



ftimaces for heating buildings, for the genera- 
tion of steam, or for other purposes. Six grades 
are established as follows: 

Grade No. l.-A volatile distillate oilforuse 
in burners vAiich prepare ftiel for burning solely 
by vaporization. 

Gbrade No. 2«— A moderately volatile distil- 
late oil for use in burners which prepare fuel 
for burning by a combination of vaporization and 
atomization. This is intended particularly for 
use in equipment where oil is burned In contact 
with, or in close proximity to, metal or refrac- 
tory surfaces that are an Integral part of the 
burner. 

Grade No. 4.^An oil for burner installations 
not equipped with preheaters. 

Grade No. 5 (Light).-An oU of intermediate 
viscosity for use in burners equipped with pre- 
heaters. However, preheating may or may not be 
required for this oil, depending on climate and 
equipment. 
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Table 8- 5. ^Chemical and Physical 
Requirements of Burner Fuel Oils (Military) 





Limits, grade 




Special 


Heavy 


Flash Doint oinfspd oun 
(min.) ^ F 


150 


150 






Fire Doint (min*). F 


200 


200 


Viscosity, at 122" F. (max.) 






SSF 




150 


Viscosity, at 122° F. (max ) 






ssu 


225 




Viscosity, at 85° F. (min.) 


225 




Asn \nisuk.;| perceni 


0.10 


0.12 


Water, by distillation 






(max.) percent 


0.5 


0.5 


A.P.I, gravity (min.) 


11.5 


10.0 


Pour point, upper (max.) 






"F. 


15 


50 


Carbon residue (max.), 






percent 


15 




Sediment by extraction 






(max.) percent 


0.12 


0.15 


Water and sediment (max.), 






percent 


0.5 




Thermal stability (NBTL 






heater) 


Pass 


Pass 


Explosiveness (max.), 






percent 


50 


50 


Sulfur (max.) 


3.50 





Grade No. 5 (Heavy ).->An oil similartoNo. 5 
(light) but of greater viscosity. Preheating may 
be required before burning this oil, and in cold 
climates preheating may be required before 
handling as well. 



Grade No. 6.~A high viscosity oil for which 
preheating is always required before burning 
or handling. 



KEROSINE 

Kerosine is used by the military services as 
an iiliminating oil, for space heating, and for 
general use. Kerosine should burn with a steady 
rloar flame in wick lamps. When used in stoves, 
it should vaporize completely but not to the ex- 
tent that it will form explosive mixtures withair. 

In refining kerosine, a fraction of crude which 
ha.s a boiling ran^^e between 300 F and 530' F is 



used. Thus, there is an absenceof heavy ends or 
extremely high boiling point fractions which 
interfere with clean burning in lamps or com- 
plete vaporization in stoves. Also, the absence of 
light ends or very low boiling point fractions 
gives the kerosine a relatively high flash point 
10 secure safety in handling, storage, and burn- 
ing. Viscosity is an important characteristic of 
kerosine because it controls the rate of feed 
through a wick. If too high, it feeds too slowly 
and the wick is charred; if too fast, consumption 
is high and smoke results. 

Kerosine used by the military services must 
meet certain burning test requirements. The 
standard method of determining burning quality 
consists of observing the results obtained during 
and at the end of 24 hours' continuous burning of 
kerosine in a standard test lamp under con- 
trolled conditions. Specifications require that 
at the endofthe test the flame shall not be smoky 
and shall be practically as large as when the 
final adjustment of the wick was made. Also, at 
the end of the test, the chimney of the lamp must 
be clear or only slightly clouded, and the wick 
shall have no appreciable hard incrustation. 

The following physical and chemical require- 
ments are specified for kerosine used by the 
military services: 

1. Flash point, ^F. minimum 115 

2. End point, ' F, maximum ....... 572 

3. Sulfur, percent, maximum 0.13 

4. Color, Saybolt number, minimum . . +16 

LUBRICATING OILS 

The primary purpose of any lubricant is to 
reduce friction, and thereby eliminate metal-to- 
metal contact. Lubricating oil provides a film 
v4iich permits surfaces to glide over each other 
with less friction. Therefore, lubrication is es- 
sential to prevent wear in any mechanical device 
where there are surfaces rubbing against each 
other. The military services use many types of 
lubricating oils. The selection of the proper 
lubricating oil for a given application depends 
upon the design of the equipment and the condi- 
tions under which the equipment is to be operated. 

Functions of Internal Combustion 
Engine Oils 

In internal combustion engines, lubricating 
oils must perform four basic functions: (1) lub- 
rication; (2) cooling; (3)cleaning; and (4)sealing. 
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1. Lubrication.— In order to lubricate prop* 
erly, an oil must havethe following characterise 
tics: 

a* It must be of low enough viscosity to 
flow readily between closely fitted, rapidly mov- 
ing parts but of sufficient viscosity to prevent^ 
metal*to-metal contact between these parts. 

b. It must be tough enough so that it will 
not break down or fail under high temperatures 
and pressures. 

c. It must have a low enough pour point to 
enable it to flow readily when starting under ex« 
tremely low temperatures. 

d. It must have high enou^ flash and fire 
points so that it will not bum, vapor ize, or other- 
wise be consumed under high heat. 

e. Its carbon content must be low enough 
so that it will not deposit excessive amounts of 
carbon. 

f . The oxygen absorption of the oil must 
be low enough so that varnish and gum do not 
form. 

g. The neutralization number must be as 
low as possible. As explained in the previous 
chapter, a low. neutralization number indicates 
that the amount of acid present is small. Small 
acid content is essential as acid is detrimental 
to engine parts. 

2. Cooling.— A lubricant must cool moving 
parts by carrying off waste heat. This is espe« 
clally true in aircraft engines where the lub« 
ricant must carry off approximately one«third 
of the total waste heat. In order to perform its 
cooling function, a lubricant must have suffi- 
ciently low viscosity to flow readily. 

3. Cleaning.— Another major function of a 
lubricating oil is cleaning or carrying off dirt, 
road dust, small carbon and steel particles, gum, 
varnish, and the like. In recent years, this has 
become particularly important because of in* 
creased compression ratios, higher speed en* 
gtnes, high operating temperatures, and closer 
tolerances. Filters have been developed to filter 
out part of the dirt, and ventilation systems 
have been designed to carry off vapors and 
moisture. However, these devices perform only 
part of the job. Therefore, additives or deter* 
gents are blended with lubricating oils. The 
detergent, which is soluble in the oil, cleans 
dirt, gum, and other impurities from the engine 
and moving parts. It then holds these impurities 
in suspension. As the oil, carrying the particles 
in suspension, is circiilated, the dirt is removed 
by the filter. However, gum and varnish are not 
removed by the filter. Consequently, the oil must 



be changed at intervals. If not, the amount of 
gum and varnish increases to the point where 
the oil can no longer hold them in suspension 
with the result that these substances are de- 
posited throughout the engine, causing poor per- 
formance. 

4. Sealing.— Another function of lubricating 
oil is to seal the space between piston rings, 
cylinder walls, and pistons to prevent blow-by 
(leakage of combustion gases from the com- 
bustion chamber, past the rings, into the crank- 
case). When the space between piston rings, 
cylinder walls, and pistons is properly sealed, 
the full force of the burning and expanding fuel 
gases is expended on the head of the piston, and 
none of the force is lost. 

Engine Lubricating Oils 

The following discussion of engine lubricat- 
ing oils is presented according to the type of 
engine for which the oil is intended. However, 
mention should be made of a special type of oil 
T^ich is used for bo^h marine dieisel engines and 
for automotive grou^iid equipment. Thisoil, which 
is frequently calleda heavy-duty oil, isgenerally 
an additive*type oil. An additive* type oil, as the 
name implies, is ar< oil to which chemical agents 
have been added in '.J?e refining process, to make 
it particularly suiV^ble for its intended use. 
Additives may be hto.vidly classed as pour point 
depressants, viscosity index improvers, ex- 
treme pressure agents, lubricity or oiliness 
agents, corrosion inhibitors, antifoam agents, 
and metal deactivators. 

1 . Marine Diesel Oils . —An additive-type lu- 
bricating oil is used for the lubrication of all 
types of marine diesel engines and for general 
use in diesel engines in shore establishments. 
Lubricating oil of this type which meetsthe mil- 
itary specifications is supplied in four different 
grades, corresponding to the following SAE vis- 
cosities: SAE 10 W, SAE 20, SAE 30, and SAE 
50. The oil is required to be a stable, homoge- 
necrjs blend or mixture of refined products and 
additives, such as detergency, antioxidation, 
antifoam, antiwear, anticorrosion, pour point 
depressing and viscosity enhancing agents, de- 
signed to improve the performance of the prod- 
uct. Other requirements are as follows: 

a. The oil, even when contaminated with 
sea water, must be noncorrosive to all types of 
Navy bearing materials (including silver) and 
must not cause either excessive ring sticking 
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or clogging of oil channels, and must keep cyU 
inder and ring wear down to a minimum. The 
oil must be uniform in quality and must not be 
excessively degraded by approved mechanical 
fibrous types of filters, centrifugal purifiers, or 
by sea water contamination. 

b. The oil must not cause excessive lac- 
quer, carbon, or sludge deposits on any part of 
internal combustion engines when operated under 
either normal aspiration or snorkel conditions. 

c. The oil must not produce excessive 
foaming in internal combustion engines or re<- 
verse gears. Foaming is caused by the mixing 
of air with the oil. When foaming occurs, less 
oil is present and consequently the prop er oil film 
is not formed on the metal. In addition, quite 
frequently excessive foaming causes oil to be 
lost as a result of foaming over. 

d. The addition of a new marine diesel 
lubricating oil to any other new or used lub- 
ricating oil conforming to the military specifi- 
cation must not cause sludging or otherwise af- 
fect the quality of the new or used oil, as 
indicated by engine performance. 

e. Additive agents must ren^ain uni- 
formly distributed throughout the oil and all 
temperatures above the pour point and up to 
ZSO"" F. When the oil is cooled below the pour 
point, it must regain homogeneity on standing 
at a temperature of not more than 10 degrees 
above the pour point of the oil. 

Ut addition to standard tests such as viscosity, 
flash point, carbon residue, and the like, certain 
performance tests are required. Among these 
are engine tests, bearing corrosion tests, com- 
patibility tests, and homogeneity tests. 

2. Lubricating Oils For Automotive Ground 
Equipment.-The mUitary specification for this 



type of oil prescribes that the oil shall be a 
petroleum or synthetically prepared product, or 
combination thereof. This oil is intended for the 
lubrication of internal combustion engines (ex- 
cept aircraft engines) or for general purpose 
lubrication. This oil is supplied in three vis- 
cosity grades (SAE 10, SA£30,andSAE50). The 
physical requirements of this oil are given in 
stable 8-6. 

3. Reciprocating Aircraft Engine Lubr'&cat- 
ing Oil.^The military opecifioation for this type 
of oil requires that the oil be a qualified, highly 
refined straight mineral oil contaiaing an ash- 
less dispersant additive. 

4. Lubricating Oils for Gas Turbine Air- 
craft Engines.— Two military specifications 
cover requirements for oils intended for use 
Mfherever jet engine oil is required. They are 
synthetic oils, differing mainly in viscosity and 
load carrying ability. 

Steam Cylinder Oils 

T^e type of oil required for the lubrication 
of steam cylinders is determined by: (1) steam 
teraperature and pressure; (2) saturation; and 
(3) Miiether the steam is to be recovered for 
further processes. 

Steam cylinder oils are usually residual, 
heavy-bodied oils. Paraffin aiid mixed base 
crudes are the most suitable for making these 
oils. Two types of steam cylinder oils are 
used extensively by the military services, par- 
ticularly by the Navy. These are designated as 
(1) lubricating oil, mineral, cylinder; and (2) 
lubricating oil, compounded. 

1 . Lubricating Oil, Mineral, Cylinder.-^This 
is a heavy mineral cylinder oil which must 
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Table 8-6.«.Physical Requirements of Three Viscosity Grades of Oil for 
Automotive Ground Equipment 





Grade SAE 10 


Grade SAE 30 


Grade SAE 50 


Kinematic viscosity 
Centistokes at 130'' F 
Centistokes at 210'' F 
Viscosity index, minimum 
Pour point, F., maximum 
Stable pour point, F., 

maximum 
Flash point, F., minimum 


18.1 to less than 25.2 
85 

minus 10 
minus 10 

360 


39.8 to less than 55.0 

55 
0 

390 


19.2 to less than 21.6. 

75. 

15. 

400. 
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consist of petroleum hydrocarbom? free from (including hypoid gears, steering gears, and 

additives other than a pour point depressant, fluid lubricating universal joints of automotive 

Various grades of this oil are used for the lub-^ equipment) operating under extreme pressui^ 

rication of noncondensing steam engine cyl- in temperature? consistently below 0° F. \ 
inders. 

2. Lubricating Oil, Compounded. ^These oils General Purpose Lubricating Oils 
are compounded with various fotty oilsinspeci*-^ 

fied percentages. Specifications require that High grade lubricating oils for other than 

additive agents, when approved for inclusion, specialized uses are covered by one military 

must remain uniformly distributed throughout at specification. This specification requires that 

all temperatures above the pour point and up to general purpose lubricating oils shall be 100 

250^ F. If the oil is cooled below the pour point, percent mineral oil, free from additives except 

it must regain homogeneity on standing at tem- pour point depressants and antifoam agents. The 

peratures of lO"" F above the pour point. Com- specification provides for 11 grades of'general 

pounded lubricating oils are used in special purpose lubricating oils. The various grades are 

applications, generally involving moisture or identified by military symbols, each symbol con- 

worm gears or wick feeds. They are used for sisttng of four digits. The viscosity, require- 

cylinder and valve lubrication of reciprocating ments of each grade, and the corresponding SAE 

steam engines when condensate is not recovered, viscosities, are shown in table 8-7. 



Gear Lubricants 

Many factors must be carefully considered in 
selecting a gear lubricant. Some factors are: 
the type of gears to be lubricated, the different 
operating speeds, temperatures, load condi- 
tions, and vAiether the oil is required to lub- 
ricate both gears and bearings. The principal 
qualities required of any gear lubricant are 
high V. I., proper viscosity, demulsibility, chem- 
ical and thermal stability, and freedom from 
foaming. Because modem gear systems generate 
considerable friction and carry high loads, many 
of them fail in a relatively short timeif uncom- 
pounded mineral oils are used as lubricants. 
Therefore, various oiliness and extreme pres- 
sure agents ^.re added to the mineral oils. Ex- 
treme pressure agents (frequently called EP 
agents) produce a nonscu^fing film on the gears 
vdiich increases the amount of load that can be 
carried. 

One military specification calls for an oil to 
be used for lubricating aircraft gears at low 
temperatures. This oil comes intwogrades,one 
for use under extreme low temperature condi- 
tions and the other for general use in aircraft 
gear mechanisi^;s, exclusive of engines. This oil 
must be qualified, well-refined mineral oil 
having extreme pressure properties. 

Another military specification covers one 
grade of lubricant suitable for universal gears 
at 8id}zero temperatures. This specification re- 
quires po^rerfta EP agents. This oil is intended 
for the lubrication of > itomotive gear units and 
heavy duty industrial vype enclosed gear units 



LUBRICATING GREASES 

In general, grease should not be used v^ere 
oil will perform the necessary lubrication. How- 
ever, there are conditions under v^ich grease 
is a more suitable lubricant. For example, 
grease is used in bearings which, because of 
their nature, are unable to retain oiL Grease 
is also used in inaccess^v*^ nC'^ringo where 
the grease is applied by cttys. (Use of 

oil in such bearings, would necessitate shutting 



Table 8- 7.^ Viscosity Requirements of 
Grades of General Purpose Lubricating Oils 
and Corresponding SAE Viscosities 



Grade 


Viscosity SSU 
at 130" F 


SAE Viscositji 


2075 


70-90 


SAE 10 


2110 


90-120 


SAE 20W 


2135 


120-145 


SAE 20 


2190 


185-205 


SAE 30 


2250 


245-280 


SAE 40 


3042 


40-44 


SAE low 


3050 


45-55 


SAE 20 


3065 


60-70 


SAE 30 


3080 


75-90 


SAE 40 


3100 


90-105 


SAE 50 


3120 


115-125 


SAE 60 


3150 


140-160 


SAE 70 
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down the machinery.) Also, under dirty at* 
mospheric conditions, the use of grease is 
advisable as it seals the ends of the bearings 
and thus prevents dust and dirt from entering 
the bearings* 

Property Reqidrements of Greases 

The most important requirements of greases 
are: 

1. Stability.-A grease must be stable both 
during storage and when in use. It must be free 
from bleeding (separation of oil), oxidation, and 
changes in consistency. 

2. Noncorrosiveness.— The grease must not 
chemically attack the various metals and other 
materials with v^ich it comes in contact. 

3. Water Resistance.— In some cases, a 
grease ^Ich is Insoluble in water is required. 
In others, the grease must be only resistant 
to the weathering or washing action of water. 

4. Satisfactory Performance in Operation.* 
A grease must perform satisfactorily in the 
equipment for which it is intended or inadequate 
lubrication will result. 

Various t3n;>e8 of soaps are used in the manu- 
facture of grease. Properties of greases vary 
with the type of soap used. 

1. Lime-base grease is water resistant and 
has good pumpability. However, lime-base 
grease has a low melting point and therefore 
should be applied only vfhere temperatures will 
not exceed ITST. 

2. Soda-base grease has ahlghmeltlngpolnt 
However, it is soluble in water. 

3. Aluminum-base grease is water resist- 
ant. However, it has a comparatively low melting 
temperature, and it changes texture (becoming 
leathery) on heating and cooling. 

4. Lithium-base grease is water resistant 
and has a wide range of operatingtemperatures. 

5. Barium-base grease is also water re- 
sistant and has high heat stability. 

There are a number of military specifica- 
tions covering greases required for special mili- 
tary applications. Only seven of these are dis- 
cussed here. 

Bearing Grease for 
General Ordnance Use 

The military specification for this type of 
grease requires a smooth littiium soap, general 
purpose grease. It nnist contain additives which 



provide corrosion Inhibition and have a normal 
operating range of -20*" F to 150**F.Thi8 grease 
is Intended for use in the lubrication and pro- 
tection against corrosion of plain, ball, and 
roller bearings, and for the preservation of 
threads on ammxmition. The grease is required 
to be a homogeneous, water-repellent mixture 
of high-grade materials, free of any detrimental 
toxic or irritating effects, and must consist of 
petroleum oil, metallic soap, and necessary 
additives. The use of ingredients such as will 
stain the human skin in a semipermanent manner, 
or soften dried coatings of zinc chromate primer 
and sjnithetlc- lacquer- resisting primer is un- 
desirable. 

Torque value^ which is one of theproperties 
to be tested^ is determined on the grease test 
machine Illustrated in figure 8-5. This machine 
is fitted with atestbearlngateachend. Bearings 
are packed full of compound with the bearing 
loaded so that the grease is flush wlthboth f^ces 
of the bearing. The shaft speed is 1750 rpm and 
the 1-hp driving motor is started across the 
line. Torque arm loads are read directly from 
the scale and converted to pound- Inches from 
the lever arm. When the grease, water- free, is 
tested in this machine, torques in the grease 
torque testing machine must not exceed the 
values shown in table 8-8. 

General Purpose Aircraft 
Ltdbrlcating Grease 

This grease is Intended for use in anti- 
friction bearings, gear boxes, and plain bearings 
where reasonably low temperature operation 
and high temperature stability may be required. 
This grease must be a smooth homogeneous 
mixture consisting essentially ofmlneraloiland 
a gelling agent. The grease must be free from 
abrasive or otherwise undesirable fillers or 
impurities. 

Gasoline and Oil Resistant 
Ltibricatlng Grease 

This grease is intended for use on gaskets 
and for the lubrication of the taper plug valves 
and other places in ftiel and oil systems of 
aircraft. It is required to be a smooth, homo- 
geneous compound of vegetable oils, glycerols, 
and soaps. The grease is not permitted to con- 
tain any solid fillers such as graphite, mica, 
sulftir, clay, asbestos, or chalk. 
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132.71 

Figure 8-5.— Grease Test Machine. 



Table 8-8.— Torque Values, Water-Free 



Anibient Tem- 
perature 


Starting 


After S minutes 


Degrees F 


Pound-inches 


Pound-inches 


70 


30 


7.5 


0 


65 


15.0 



Orease for Aircraft Gear and Actuator 
Screw for Low and Hig^ Temperatures 



One military specification covers a grade of 
grease intended for general use on aircraft 
gears, actuator screws, and other equipment 
requiring a lubricant with a high load carrying 



capacity. It is not intended as an antifriction 
bearing lubricant but may be used onsuchbear- 
ings where equipment design requires the use of 
a single ltd>ricant for both bearings and gears or 
power screws. The grease furnished under this 
specification must be a smooth, homogeneous 
mixture consisting essentially of a low tem« 
perature liquid Itibricant, a gelling agent, and an 
extreme-pressure additive. The grease must be 
free from abrasive or otherwise undesirable 
fillers or impurities and must not be dyed an 
unusual color. The composition of the lubricant 
is not otherwise limited but substantial pro* 
portions of nonpetroleum materials are required 
to meet the volatility and low temperature re* 
quirements of this grease. 
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In addition to the usual chemical and physical 
tests, a performance test of gear wear is re- 
quired. The apparatus for this test consists es- 
sentially of a brass and steel helical gear com- 
bination mounted as shown in figure 8-6. Wear 
is Indicated by the loss of weight of the brass 
gear after being run on the driven shaft under 
various load conditions. 

Automotive and Artillery Grease 

One grade of grease is Aimished for use in 
the lubrication of automotive and artillery ma^ 
terial under all conditions of service ^ere am- 
bient temperatures range from minus 65^ F to 
plus 125"" F. Thisgrease maybe made of mineral 
or synthetic oil. 

Extreme Pressure Grease 

An extreme pressure grease is furnished in 
one grade. The grease, which has good anti-rust 
properties, is suitable fortheltibricationof open 
or semi-enclosed gears (spur or worm) or any 
sliding or rolling metal surfaces ^ere loads 
may be high and where the equipment may be 
exposed to salt spray or moisture. It is intended 



for use throughout the entire range of expected 
operating temperatures (approximately 0* F to 
140^ F). 

A performance test of this grease is run on 
the Extreme Pressure Tester, shown in figure 
8*7. This tester consists of a rotating structure 
mounted on ball bearings and driven through a 
cone-t]npe worm and worm«^vheel. The ri rease 
under test is painted on the worm and Porm« 
wheel, all surfaces being completely cov-^red. 
The worm is held in snug engagement with the 
v^eel by means of a spring with an effective 
pressure of 100 pounds between the worm and 
wheel. The worm is driven by a motor belted 
to the worm shaft so as to rotate the structure 
in a reversing cycle approximately 11/2 times in 
each direction before reversing. The speed of 
mount rotation is approximately 4 rpm. The 
tester is operated for specific periods of time at 
stated temperatures, and the power utilized must 
not exceed maximum readings stipulated in the 
performance requirements. 

Aircraft and Instrument Grease for 
Low and High Temperatures 

One grade of grease is supplied for general 
use on aircraft and for instruments. Thisgrease 
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is intended for use in ball, roller, and needle 
bearings, gears, and on sliding and rolling 
surfaces of such equipment as instruments, 
cameras, electronic gear, and aircraft control 
systems. It is particularly suitable for equip- 
ment ^ich must operate at both very low 
and high temperatures. Its extremely low 
volatility is of Advantage in preventing oil 



fogging in optical instruments. This lubricant 
does not contain extreme pressure or special 
antiwear additives and, therefore, only after 
performance evaluation is this lubricant con- 
sidered suitable for such applications as air- 
craft actuators and similar equipment uti- 
lizing mechanisms having high unit bearing 
loads. 
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QUALITY SURVEILLANCE 



Quality mirveillance consists of all measures 
necessary to determine and maintain the quality 
of fuels and Itibricants in order that these prod- 
ucts may be in a condition suitable for immediate 
use. Quality control, as applied in the refining 
and production segment of the petroleum in- 
dustry, is generally understood to mean ensuring 
that the end product meets prescribed specifica- 
tions. Quality control begins with production, 
when Quality Assurance Representatives ensure 
that contractors use the pr^jer procedures to 
produce a product that meets specifications. 
Once the product becomes the property of the 
military services, quality siurveillance begins. 
Products delivered to military activities have 
been completely tested at the point of origin, 
normally under the supervision of a military 
petroleum inspector. However, the surveillance 
of products after receipt by the Government is 
necessary in order to detect contamination or 
deterioration during handling and storage. 

RESPONSIBILITY FOR QUALITY 
SURVEILLANCE 

In the continental limits of the United States, 
each military department conducts its own 
quality surveillance program in accordance with 
its own needs. Duplication of laboratory facili- 
ties is avoided through close coordination among 
the departments ^en considering the establish- 
ment of any new laboratory. 

Quality surveillance responsibility overseas 
is assigned on an area basisby Joint departmental 
instruction. It^is the responsibUity of the de- 
partment assigMd a specific area to maintain 
laboratory facilities for testing samples of 
petroleum products in its assigned area. The 
department having physical possession of the 
product is responsible for qimlity surveillance 
including sampling for necessary laboratory 
tests. General instructions and mininnimproce* 
dures to be utilised are contained in the Quality 



Surveillance Handbook for Fuels and Lubricants 
(Overseas Areas) , MIL-HDBK>200. 

Petroleum procurement inspection personnel 
are assigned to all important refinii^ centers 
world-wide. These inspectors, known as Quality 
Assurance Representatives, assure that con- 
tractors comply with contractual requirements 
in the furnishing of petroleum products and; 
services. Responsibility rests on the QAR for' 
assuring the quality and quantity of petroleum 
products over which he has inspection cogni- 
zance. In addition, because of his technical 
skills and the specialized nature of the products, 
the QAR lends assistance in matters related to 
supply and transportation of petroleum products 
and may be called upon to investigate problems 
encountered at military installations. 

IMPORTANCE OF QUALITY SURVEILLANCE 

As we have seen in the previous chapter, 
essential product characteristics are estab- 
lished and published as specifications. The 
characteristics so listed consist chiefly In 
quantitative measures ofthephysical and chemi- 
cal properties of the product which, taken to- 
gether, are essential to nuUce it the especially 
appropriate agent for its intended use. However, 
these properties, in turn, are dependent upon 
the composition of the product. Hence, any 
change in the composition of the product may 
result in such marked changes in its properties 
that it becomes unsuitable for its intended use. 

The loss of essential characteristics in a 
product, unavoidably or othez*wise, is always a 
serious matter. Even if it is known to have 
occurred, the appropriate disposition of ttie 
product can be determined only by a technically 
qualified person and offers only undersirable 
alternatives which normally involve loss of 
time, money, material, and thi; overall efficiency 
of supply operations. For example, tbe deteri- 
orated product may be blended wttti larger 
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quantities of the same prcxluct of high quality 
(this involves equipment and storage facilities 
not always readily available and thus may cause 
a decrease in the operable storage capacity of 
a depot and hence the efficiency of supply), or 
it may be downgraded (assigned for use where 
a lower grade of product would normally be 
employed provided it meetsthe requirements for 
the lower grade). Downgrading, however, can 
result in a serious shortage of a product at a 
time of great need. Downgrading necessitates 
segregation, careful planning, and supervision 
of Issue, and may create an increased mainte- 
nance pr6blem in an area. 

When the loss of essential characteristics 
remains unrecognized, the issue of an off- 
specification product— such as an off- 
specification fuel to combat luilts— can produce 
critically damaging results, quite aside from 
problems of maintenance. Such products could 
cause the loss or serious damage of a subma- 
rine; failure of aircraft to get into the air, 
forced landings, or lack of power at a critical 
moment in combat; and the complete breakdown 
or sluggish operation of tanks and other ground 
cond)at vehicles. Any of these eventualities 
could result in loss of personnel and equipment, 
and mi^t be ttie deciding factor in the success 
or failure of a tactical operation. 



DETERIORATION OF PRODUCTS 

Changes occurring while a product lies in 
storage become more nurked as the product 
ages. The changes may be initiated or hastened 
by the conditions of storage, and ar<» not nor- 
mally observable by personnel handling the 
product Therefore their discovery, befoire 
issue, is dependent upon adequate laboratory 
control programs. The most common forms of 
deterioration are: weathering, gum formation, 
and loss of additives, of tetraethyl lead, and of 
color. 

Wtethertng 

Weathering refers to the loss of the more 
volatile components of some products. Its 
effects are most noticeable in motor and aviation 
gasolines. As we have seen, these produetsare 
mixtures of liquid ingredients, some of which 
evaporate more readOy than others. The rate 
of evaporation increases markedly with rises 
in temperature and produces sufficiently high 



gas pressures to rupture a container. For this 
reason, all tanks are vented to the air. The 
excess vapors escape through the vent and thus, 
during weeks or months of storage, a consider- 
able proportion of the more volatile ingredients 
may be lost. Sincethe more volatile components 
of the ftiel are required to provide easy starting 
in engines, and a plentiful supply of fUel during 
warm-up periods, the less volatile weathered 
fuel may give considerable trouble if issued for 
use in cold weather. 

Gum Formation 

Gum formation is the most common and 
troublesome form of deterioration suffered by 
internal combustion engine ftiels. Gum formation 
is caused by the presence of the unsaturated 
hydrocarbons in the fuel which, in the presence 
of oxygen, tend to undergo chemical changes 
producing first gummy, and eventually resinous 
materials. The latter are insoluble and slowly 
settle out on the walls and bottoms of containers 
from which they are difficult to remove. The 
gummy substances remain dissolved but are 
difficult to vaporize. They are sometimes 
found as deposits in fuel lines; during vaporiza- 
tion of the fuel they may clog carburetor Jets. 
In either case they have adverse effect upon the 
fuel supply. Carried mechanically by the rush 
of vapors to the combustion chamber, they may 
form sticky deposits on rings and valves thus 
decreashig efficiency of operation; in the cham- 
ber itself, their combustion is incomplete and 
results in excessive carbon deposits. The 
existence of gum in fuels, in greater that the 
allowable amounts, is certain to necessitate in- 
creased engine maintenance. Although gum or 
oxidation inhibitors are added to internal com- 
bustion engine fuels, these additives are effec- 
tive for a limited time only and do not offer 
permanent protection. 

Loss of Additives, of Tetraethyl / 
Lead, and of Color 

These forms of deterioration are considered 
togettier because their causes are not established 
with certainty, althou^ all have been known to 
occur during storage. Each may be the post- 
poned result of manufacturers' mistakes, of 
improper handling, or of contamination. Each 
deserves ttiorough technical investigation. Loss 
of oxidation inhibitors decreases the safe storage 



104 

A3 



Chapter 9«QUALITY SURVEILLANCE 



time of the fuel due to thepossible early forma- 
tion and rapid development of gum. The loss of 
tetraethyl lead decreases the power-producing 
characteristic of the ftiel and is indicative of very 
serious deterioration, particularly in aviation 
fuels. Loss of color, itself, has no importance 
other than its psychological effect upon the con- 
sumer who invariably distrusts such a product. 



CONTAMINATION OF PRODUCTS 

A contaminated product is one to which has 
been added some material not normally present 
such as dirt, rust, water, or another petroleum 
product. Such admixture may modify the usual 
qualities of the product permanently or add new 
and undesirable characteristics. In either case, 
the contaminated product may be unsuitable for 
its intended use. Contamination may result from 
accident, inability or neglect to followprescribed 
procedures, gross carelessness, or sabotage. 
In most instances contamination of a product can 
be detected by its unusual appearance, color, 
gravity, or odor. However, all products sus- 
pected of being contaminated should be reported 
to the laboratory as contamination can some- 
times be determined only by laboratory tests. 

Dirt 

The causes for the presence of sand, clay, 
or loam in appreciable quantity in petroleum 
products should be investigated at once and 
remedial action taken. It may be the result of 
cardessness or of sabotage. Most commonly it 
is the result of inadequate cleaning and inspection 
of tanks or containers, or the use of muddy 
water to flush pipelines. 

In light fuels such as gasoline, in cans or 
drums, dirt settles in a few hours. The clear 
fUel may then be drawn off and the bottom (4 to 
10 Inches) recovered by nitration through a dry 
chamois. An alternative is to decant the fUel 
into larger containers for Airther settling. In 
bulk tanks the settling may require 12 to 24 
hours. The clear fUel may then be run off to 
clean storage and the bottom layer passed 
through gasoline filters, if available, or down- 
graded. Tknks and other containers should be 
thorou^y cleaned before reusing. In heavier 
fuels such as diesel oils or JP-S Jet ftiel, 
settling is much less satisfactory. Filtration 
is recommended if practical. Otherwise it is 
usually necessary to downgrade the product. 



In the case of lube oils and greases, no remedial 
action can be taken. The product must be down- 
graded. 

Rust 

Rust is the common name for the product of 
corrosion yMch is formed when unprotected iron 
or some steel surfaces are subjected to pro- 
longed contact with water or moist air. It is 
brittle ruid powders readily. It is insoluble in 
water and in petroleum products but may form 
troublesome suspensions because of turbulent 
flow in pipelines, the churning action produced 
while pumping into storage tanks, or the rough 
handling of small containers. Rust is a com- 
monly occurring source of contamination when 
dtaused pipelines or containers are employed 
without proper cleaning. Its prevention in small 
containers^ where it is most likely to occur— is 
best accomplished by thorough cleaning and sub- 
sequent rinsing of the container with a prescribed 
rust-preventive type oil or solution which will 
cling to the metal surface in a thin layer and pro- 
vide temporary protection until the container can 
be filled with the product to be stored. While 
empty, the containers should be stored upside 
down. Active pipelines and large storage focili- 
ties do not normally permit the accumulation of 
rust in appreciable quantity. Rust may be re- 
moved from gasoline and heavier fuels by the 
same methods employed in removing dirt from 
these products. 

Mill-Scale 

Mill-scale is a magnetic product formed on 
iron and some steel surfaces during the manu- 
facturing process. It is largely responsible for 
the blue-black appearance of such surfaces. It 
has been 6bserved as a very serious contaminant 
in bulk products pumped through new pipes during 
the first few days or weeks of use. The scale is 
brittle and cracks readily. Corrosion begins at 
these cracks and proceeds to spread under the 
scale causing it to flake off. The scale is then 
carried along by the oil flow and is broken up 
still furttier before it reaches terminal storage. 
Here it may remain suspended for days. Settling 
is not, ttierefore, a satisfactory method of elimi- 
nation. The scale is not removed completely by 
segregators and consequently, screens are 
quickly choked. Filtering of such stocks is 
recommended. 
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Water 

Bulk Storage.^In bulk storage, water can 
very often be a reason for fuel contamination. 
Water is sometimes employed as a bottom, to a 
depth of a few inches, to underlie lig^t products 
such as gasolines and jet fuels. However, the 
use of water bottoms should be avoided if at all 
possible, and only employed when authorized by 
proper technical authority. It is sometimes 
used to separate and prevent mixing of products 
when two products, such as motor gasoline and 
aviation gasoline, are to be pumped through a 
pipeline, one after the other. Again, this should 
be avoided if possible as there arebetter means 
for segregation of products. The legitimate 
and necessary uses of water provide ample 
opportunities for the contamination of light 
products unless they are controlled by strict 
adherence to standard operating procedures. 
Fortunately, water suspended in light products 
such as gasoline separates rapidly on standing; 
less rapidly in diesel oil and JP-5 Jet fuel. In 
cold weather this settling may be delayed by the 
formation of ice crystals, which arelighterthan 
water droplets. In suspension, these crystals 
may clog filters, ftiel lhies,orjets in equipment. 

Water cannot be used in black-oil lines or 
tankage because, with this product, it can form 
more or less permanent emulsions. Intrans-* 
ferring black oils from tank forms to smaller 
containers, segregators are helpM. The most 
effective precaution against water contamination 
is to ensure delivery of a well- settled product 
through a dry line into a dry container. In cold 
weather, even a small amount of water can 
cause the freezing of bottom outlet valves in 
rail tank cars and tank trucks. 

Packaged Products.— In the case of packaged 
products, water may become a contaminant 
through the use of open or damaged containers, 
through improper storage and handling methods, 
and by tbe breathing which normally occurs in 
drums and cans. (Breathing is the reverse of 
vaporization and is caused by a drop in tempera- 
ture. In breafliing, cooled vapors condense to 
liquids, the interior pressure of the storage 
tank or container decreases, and air is sucked 
into the tank or container.) 

Water contamination of ftiels supplied to con* 
sumers in drums or cans can be avoided, lAen 
the turnover is rapid, by ftte application of 
prescribed meUiods of inspection, storage, and 
h a ndlin g. However, l0D|-term storage in drams. 



(strategic reserve stocks) cannot fail to result 
in some contamination. The condensation of 
some water from the moist air sucked in dur- 
ing the night is inevitable since this water 
settles and, therefore, is not exnelled with prod- 
uct vapors during the heat of the day. During 
several weeks of storage, this water accumu- 
lates in surprisingly large amoimts. Not only 
does it constitute direct contamination, which 
may have very undesirable consequences if 
transferred to equipment, but it is the cause 
of serious additional contamination by rust, 
and increases container maintenance. For this 
reason, periodic technical inspection is re- 
quired and provision must be made for the 
regular replacement of such stocks at rela* 
tively frequent intervals. The length of inter- 
vals is determined by climatic and other condi« 
tions. Accumulated water can best be removed 
by decantation, settling, and remiing. Lacking 
time or facilities for tliis, a small pump may 
be employed to remove the lower layers from 
individual containers. 

The most effective and proper protection 
for lubricants is to keep them well covered, 
preferably in inside storage. Should damaged 
containers permit water to contaminate engine 
or gear oils, the water may remove some of 
the essential additives. Even more undesirable 
is the fact that water tends to emulsify in the 
oil and does not settle out, thus decreasing 
effective lid3ricating action. Water can be poured 
off from greases. When this is done, about an 
inch of surfiice grease should also be removed. 
After removal, the surface grease should be 
burned or buried. 

Micrbbiological Growtti 

Microbiological growth consists of living or- 
ganisms that grow at the ftiel-water interface. 
These organisms incltide protozoa, fUngus, and 
bacteria, but ftmgus is the major constituent 
and the cause of most problems associated with 
microbiological contamination of Jet Aids. Fun- 
gus is a form of plant life; it holds rust and water 
in suspension and is an effective stabilizing 
agent for ftiel-water-sedimoit emulsion. It 
clings to ^ass and metal surfaces and can 
cause erroneous readings in taA quantity sys- 
tems, duggiA ftiel control operations, and 
sticking of flow dividers. lOcroUological 
growth is generally found wherever pockets of 
water exist in ftiel taidcs. ft has a brown, 
black or gray color and a stringy, fibroas-like 
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appearance. The presence of microbiological 
growth in fuel being delivered to aircraft is 
a reliable indication of failure of fUel fUtra* 
tion equipment. The most effective means for 
controlling prbblems of microbiological growth 
is through enforcement of good housekeeping 
practices regarding removal of water bottoms 
in storage tanks and general cleanliness of 
handling equipment. 

Commingling of Products 

Commingling of products may result from 
inadequate cleansing of lines or ccmtainers; 
from the use of unmarked or improperly marked 
containers; and from the mishancOing of mani- 
folds. In such cases it can be minimized by 
supervision sufficient to ensure strict applica- 
tion of the prescribed petroleum handling pro- 
cedures. Commingling may also result from 
leaks in thinks or valves aboard tankers, and 
from leaky valves or insufficient protective 
facilities in shore installations. These sources 
can be minimized by proper inspection and 
maintenance procedures. Nevertheless, serious 
contamination of one product by anoUier^ban 
and does occur occasionally in field opera- 
tions. This is one of the most compelling rea- 
sons for the continuous inspection procedures 
and the routine testing programs prescribed by 
the military departments. 

Commingling can be negligible or serious 
depending upon the product contaminated, Uie 
contam in a t ing agent, and Oie amount of con* 
tamlnation. Some of file more important seri- 
ous effects are: 

1. Loss of power in fdels. 

2. Increase in volatility (producing a fire 
or explosion hazard in keroslne ordiesd 
ftiels). 

3. Increase in gum content. 

4. Formation of heavy shxige. 

RECLAMATION 

Generally, suspected deterioration or con- 
tamination must be confirmed by laboratory 
tests. Reclamation refers to the procedure 
required to restore or change the quality of a 
petroleum product to meet the desired speci- 
fications. Before definite action is taken to 
reclaim a product, tbe following factors must 
be folly considerad: 

1. Contaminating agent or agents and source; 



2« Degrees of contanUnation or variation in 
specifications of contaminated product from re- 
quired specifications; 

3. Probable end use of product in present 
condition— due regard being given to recent 
laboratory analysis, purchase specifications, 
established use limits (if any), and safety 
foctors involved; 

4. Probability or removing or nuUifjring un- 
desirable effect of contaminating agent, or 
agents, so the product can be used for the 
purpose originally intended, or for some other 
end use; 

5. Actual location and quantir^ of ques- 
tionable product, probable need for unreclaimed 
or reclaimed product at its present or other 
location, and the estimated rate of consump- 
tion; 

6. Availability of time, materials, i tip- 
ment, and labor necessary to reclaim the con- 
taminated product. 

The procedures for reclamation include: 
(1) identification; (2) downgrading; (3) blend- 
inc^ (4) filtering; (5) ddijrdrating; and (6) in- 
hibiting. 

Identification 

Packaged products to be reclaimed should 
be segregated by products. When container 
markings are oUiterated or missing, examina- 
tion of tbe product will generally facilitate 
segregatim. For example, gasolines are gen- 
erally identifiable by color; grades of lubri- 
catirf oil by viscosity. Fuels of the same 
grade may be decanted into clean bulk storage, 
tested, and immediate disposition made ac- 
cort'ii g to Oie analysis. Further storage, pack- 
aging, and blending should be avoided. Ap- 
propriate laboratory tests are then run on 
representative samples. Each activity stipu- 
lates the manner in which containers are tc 
be marked, but products packaged in the field 
and not Intended for immediate consumption 
sbouM also tnctude one or more of the fol- 
lowing: lot nuniber, batch number, tank num- 
ber, and date filled. 

Downg ra ding 

Aviation gasolines that cannot be reclaimed 
for use in aircraft engines by prescribed pro* 
ced ures may be downgraded, blended with low 
"TSL content motor ftiel, and used as motor 
toA provided tbe final hlend meets specified 



107 



FUNDABIBNTALS OF PETROLEUM 



test limits. Contaminated high g^de motor 
ftiel originally designed for xise in combat 
vehicles may be downgraded, or blended, if 
preferred, and used in transport or adminis- 
trative vehicles and stationary engines in ac» 
cordance with prescribed limiting foctors. 
Slightly contaminated kerosine may be xised 
for purposes other than liglithig, and contami* 
nated diesel fUels may be used in stationary 
engines or as fUel oil in accordance with limits 
specified. Contaminated Jet fuels may some* 
times be downgraded, or blended, if appro- 
priate. However, due to the wide range of 
variables encountered ^en Jet ftiels are con- 
taminated, nogeneral statement regardingdown* 
grading can be made. 

Blending 

All blending must be rigidly controlled 
and the correct percentages to be blended de- 
termined by the laboratory. The actual field 
blending must be closely supervised and when 
the resulting blend is of sutHcient volume to 
warrant additional inspection, the laboratory 
should run sufflcirat tests on the field blend 
to determine whether this product meets the 
required purchase or use specificaticns. 

Within prescribed limits, condemned avia- 
tion gasoline which cannot be reclaimed may be 
blended wtOi low grade motor fttel to produce 
a higher grade motor toA. Ltibricatii^ oils 
(except aircraft ogine Mbricating ofis) of dif- 
ferent viecostties that meet required purchase 
specifications may be blended to produce In- 
termediate visco^ oils. However, ttie two 
products should be of ttie same tj^ and in- 
tended for the siune original purpose, and 
should (fiffer only in viscosity or SAE num- 
ber. The blending of oils to obtain intermediate 
viscosities should be done only in cases <A 
emergency or when auOiortsed by a cognisant 
activity, and then only in minimum qoahtitles 
required. 



Filtering 

As previously mentioned, dirt and rust can 
be removed from gasoline by filtering throtigh 
a chamois. A special type of filter is required 
for removing haze from aviation ftiel that has 
deteriorated on long standing. This haze is 
due to the formation of insoluble lead com- 
pounds and, unlike dirt and rust, will not settle 
out. 

Dehydrating 

Moisture or water generally will settle out 
of the lighter petroleum products if they are 
allowed to stand undisturbed. In the case of 
flat bottom steel gasoline storage tanks, it is 
sometimes desirable to keep a few inches of 
water on die bottom, but excessive water noted 
while gagtaig should be bled off through the 
water draw-off. Removal of suspended mois- 
ture or finely divided water particles from the 
heavier petrole^mi products may be a mc;it diffi- 
cult operation. In some cases, the moisture 
wiU drop ot^t on long standing. In others, it 
is necessary to raise the temperature of the 
product, flhis procedure does not apply to 
aircraft engine lubricating oil.) 

As we have seen, aviation ftiel generally 
contains an active added inhibitor. The appli- 
cable specification provides Oat a maximum 
content of approved inhibitors may be added to 
prevent ttie formation of gum and the precipi- 
tation of lead compounds. Specifications for 
motor fuel inclnde a minimum oxidation stability. 
To meet this requirement, it is generally neces- 
sary to add an inhibttor which flmctions for 
all practical purposes, the same as that in 
aviation ftiel. Any program for reclaiming avia- 
tion or motor fhel by lidiibithig, or by filter- 
ing and infaibtting, must be carried out under 
0ie Orect and constant supervision of qualified 
personnel, assisted by adequate laboratory f a- 
cUties. 
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SAFETY IN HANDLING PETROLEUM PRODUaS 



Although the handling of petroletim products 
presents many hazards, both bulk and packaged 
products can be handled safely and with remark- 
able freedom from accident if product character- 
istics are understood and proper precautionary 
measures taken. This chapter is concerned with 
those properties of petroleum products which 
relate to :»f ety and with general safety precau- 
tions in handling these products. Special pre- 
cautions to be 6bserved in Certain lAases of pe- 
troleum handling^such as tanker operations- 
are discussed in appropriate chapters. Safety 
precautions for handling petroleum products 
afloat are piiblished in BxiShU>s Technical Bfanual 
(NavShips 250-000), chapter 9930; for 93; for 
shore activities they are published in NavDocks 
DM-8 ''Fire Protection Engineering." 

HAZARDS IN HANDLING 
PETROLEUM PRODUCTS 

It has been said that 80,000 barr^ ckf gaso- 
line in a properly constructed storage tank is 
comparatiYely safe, while one pint of gasoline, 
spilled, is very dangerous. Although it is not 
recommended that gasoline be kept in the home, 
it has been stated-.to emphasise a potnt^that a 
gallon safety can filled with gasoline and placed 
cm a closet dielf would not be dangerous as long 
as 0ie gasoline stayed in the csljl However, to 
utilize the gasoline, the can must be opened and 
the gasoline poured out. When this is done, a 
hazard is created. In short, thebazardis not in 
the storing but in ttie handling. Moreover, the 
hazard is not in Oie gasoline itself^ but in its 
vapors. 

Vapors from ^ petroleum products are 
hazardous because: 

1. They constitute fire and explosion haz- 
ards. 

2. They are toxic to the human body. 
Since it is the vapors frcmi petrcAeom prod- 
ucts which create the greatest hazard^ tte vapor 



characteristics should be understood. Vapors 
from petroleum products have been known to 
travel some distance and, upon reaching a source 
of ignition, to flash back to the point of origin, 
causing a fire. Flash-backs are extremely dan- 
gerous and are usually fatal to anyone caught in 
them. Moreover, vapors from petroleum prod- 
ucts are heavier than air and will settle in low 
places. They will remain in tanks indefinitely 
unless removed by steaming or ventilating. 

Although vapors constitute the greatest haz- 
ard in handling petroleum products, liquid prod- 
ucts are also dangerous in that skin contact of 
certain petroleum products can cause skin 
irritations. 

The two major t3rpes of hazards in handling 
petroleum products are: (1) Are and explosion, 
and (2) hazards to personnel. Both t3rpe8 are 
created primarily by the vapors from these 
products. 



FIRE AND EXPLOSION 
Classification of Products 

Precautionary measures must be taken to 
prevent fire and explosion when handling any 
petroleum product. The degree of hazard in- 
volved depends on the properties of a given 
product. Therefore, for safe handling purposes, 
petroleum products are divided into groups or 
classes according to the temperature at which 
the product will give off flammable vapors. 

Any material which can be ignited easily and 
which win bum with unusual rapidity is sai*^ to 
be flammable . (The terms flammable and ta- 
flammable are identical in meaning, but the 
former is preferred since the prefix to suggests 
nonflammable.) 

An petroleum products, being composed of 
carbon and hydrogen, winbumandarettierefore 
combustible materials. However, classification 
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for safe handling purposes distinguishes prod* 
ucts according to their tendency to bum. 

Combustible Liquids.-^According to the Na» 
tional Fire Protection Association (NFPA) 
Standards, combustible liquids are those liquids 
having flash points at or above 140'' F and 
below 200"" F. 

Flammable Liquids.-^ According to the NFPA 
Standards, all liquid petroleum fuels which give 
off flammable vapors below 140'' F are con- 
sidered flammable liquids. 

Volatile Products. ^Products which tend to 
vaporize; that is, give off flammable vapors at 
comparatively low temperatures are said to be 
volatile. Because volatile products such as 
gasoline and JP.4 Jet fuels will give off suffi* 
cient vapors to be flamoable at relatively low 
temperatures, they are the most hazardous of 
all petroleum products to handle. For example, 
gasoline has a flash point of about •45'' F and 
JP-4 Jet fUel has a Hash point slightly higher, 
while crude oil has a flash point of about 60" F. 
This varies, however, according to the source 
of the crude oil. Volatile products such as gaso-* 
line and JP.4 Jet fUel are normally handled at 
atmospheric temperatures above •45" F and, 
therefore, give off sufficient vapors to flash or 
bum at all times. Products which give off flam» 
mable vapors only above 100" F and are rela* 
tively nonvolatile are relativdy safe to handle at 
ordinary temperatures and pressures. Such 
petroleum products as kerosine, JP-5 Jet fUel, 
diesel and light and heavy ftiel oils are included 
in this category. 

n is noted, however, ttiat if products such as 
kerosine, JP-5 Jet fUel, diesels and fUeloilsare 
handled at elevated temperatures they are Just 
as hazardous as the volatile products. For ex- 
ample, kerosine, which has a flash point of about 
110" F will not ignite at ordinary atmospheric 
temperatures, but if it is heated above 110" F 
will give off sufficient flammable vapors to bom 
or esqplode. All products which have a flash 
point above 100" F whm heated to temperatures 
ec: n to or higher than ttieir flash poirt, should 
be treated as volatile products with respect to 
fire and explosion hazards. 

Vapor Explosive Range 

When vapors from petroleum products are 
mixed with the proper amount of air, ttiey form 
explosive mixtures wtOiin a limited range, 
usually called the explwtve range or explosive 



limits . (Although the term explosion h as several 
different meanings, it refers here to the instan- 
taneous burning of a mixture of flanmiable ma- 
terial in air.) While thptprtnflf|^n7n73^^]^i^niUfl 
or combustlblg ^imitg are sometimes used sjrn- 
onymously with explosive range, the latter is 
more commonly employed in order to distinguish 
rapid combustion from slower oxidation reac- 
tions. 

The e:q)losive range for different petroleum 
products varies considerably, but the explosive 
range si im in figure 10-1 is usefta for general 
purposes. As illustrated, the hjrdrocaibons in 
gasoline vapors form explosive mixtures when 
mixed with air in a range stated to be from 1 
percent to 6 percent by volume (although this 
varies with atmospheric temperature and pres- 
sure). The upper explosive limit is that point 
above which the mixture does not ignitebecause 
it is too rich. For example, when the gasoline- 
air mixture contains 7 percent gasoline vapors, 
the mixture is beyond the upper limit and does 
not Ignite. The lower limit is that point below 
which the mixture do^s not ignite because it is 
too lean. For example, a mixture containing less 
than 1 percent gasoline vapor does not ignite. 
If, ho^raver, the mixture is within the explosive 
range, it will Ignite Instantaneously when a spark 
or flame is introduced. If the mixture bums in 
an open space, where the hot gases resulting from 
the comlnistion have plenty of room for expan- 
sion, there is no explosion; ffthe mixture ignites 
in a confined space, an explosion takesplace, as 
a result of the rapid expansion of volume or in- 
crease in pressure. 

Factors Necessary for Combustion 

Three foctors are necessary for combustion: 
(1) fuel in Mxt form of vapor; (2) oxygen from the 
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Figure 10»l.^Vapor explosive range 
(perc'^ by volume). 
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air; and (3) sufficient heat to raise a combustible 
material to its ignition temperature. All three 
at these foctors, illustrated in figure 10-2, must 
be present in the same place, at the same time, 
in order to have fire. 

Fuel. When anjrthing bums, it is not the 
actual substance which is consumed by the flame, 
but the vapor of the substance in combination 
with the oxygen of the air. A piece of wood held 
in a flame will not catch fire until it has been 
heated to a point where vapor is given off. 

As previously stated, volatile petroleum 
products ^ich give off flammable vapors at or 
below I0(f F, constitute greater fire hazards 
than those products classified as nonvolatile. 
Gasoline, a highly volatile, flammable product, 
will vaporize at ordinary temperatures and pres- 
sures. Therefore, at ordinary temperatures and 
pressures, gasoline ftunishes the first factor 
necessary for combustion. 

Oxygen From The Air.^It has been pre- 
viously stated that a gasoline vapor-air mixture 
containing from about 1 percent to 6 percent 
gasoline vapor would have sufficient fuel (vapor) 
and sufficient air (oxygen) to bum or explode. 
Thus, if anywhere from 1 to6 cifl>icfeet of gaso- 
line vapor were introduced into a box containing 
1 00 cubic feet of air, a mixture would exist which 
would readily ignite or explode upon the intro- 
duction of a spark or flame. 

It has also been stated that combustion will 
not take place if the mixture is either too rich or 
too lean. For example, if a beaker is filled with 
gasoline and a sparking device placed at the 
surface of the liquid, ttie gasoline will not ignite 
because there is insufficient air. If however. 
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Figure 10-2.— Factors necessary 
for combustion. 



the flame is held just above the beaker, com- 
bustion will take place. The same principle 
applies to full and empty containers. Under nor- 
nial conditions, the vapor space in a full gaso- 
line tank is too rich to Ignite. It is the empty 
tank, or one containing just a small amount of 
gasoline, ^diich has sufficient air, mixed with the 
gasoline vapor, to cause a fire or explosion if 
a spark or flame is introduced. For example, 1 
gallon of liquid gasoline will give off about 38 
cubic feet of vapor. This vapor, when mixed with 
air (lower explosive limit), is sufficient toform 
3800 ciibic feet of vapor-air mixture in the ex- 
plosive range. 

Heat.— Sufficient heat to raise the fuel to 
its ignition temperature is sometimes supplied 
intentionally. For example, open flames and 
sparks are intentionally employed in fired heat- 
ers and motor v^icles. However, the spark or* 
flame may be unintentionally supplied by a 
number of sources if necessary precautions are 
not taken. Accidental ignition can result from a 
variety of causes, including open flames and 
sparks from various sources. Spontaneous com- 
bustion is another source of heat, which will 
ignite flammable vapors, if present. 

Since all petroleum products, at given tem- 
peratures and pressures, furnish the first factor 
necessary for fire-^namely ftiel in the form of 
vapor-*all possible sources of ignition must be 
effectively controlled in the presence of these 
products. Because of the importance of these 
sources of ignition in fire precautions, they are 
discussed at some length. 

Sources of Ignition 

Open flames from mechanical work and re- 
pairs involving hot work such as burning, cutting, 
and wdding are 6bvious sources of ignition. 
Similarly, smoking in the vicinity of petroleum 
products is an obvious fire hazard. Sparks from 
cigarettes, cigars, and pipes are known to have 
caused serious fires, as have flames from auto- 
matic lighters that open and light with a single 
motion. Ifotches are another source of ignition. 
Still other sources which are equally hazardous, 
although perhaps less cAnrious, include static 
electricity, stray electric currents, friction, 
sparks and shorts origtaiating in electric cir- 
cuits, and spontaneous combustion. 

1. Static Electricity.— The dangerous fea- 
ture of static electricity in thepresence of petro- 
leum products is the spark discbarge resulting 
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from the accumulation of static electric charges. 
In its more noticeable forms, static electricity 
can be observed as in lightning. In its milder 
forms, as a relatively minute discharge bet ween 
two pieces of oppositely charged material, static 
electricity is not readily noticeable. However, 
sparks created by static electricity can ignite 
flammable vapors, if the spark is hotter than the 
ignition temperature of the vapor. 

Static electricity can be generated in a 
number of ways, some of which are: (a) agitation 
of petroleum liquids; (b) moving machinery; (c) 
personnel; and (d) moving vehicles. (See fig. 
10-3.) 

(a) Agitation of Petroleum Liguids^ ^Pe- 
troleum liquids , being of high electrical Ti= 
sistivity, are capable of building up an electrical 
charge yfAien subjected to agitation or friction. 
The flowing of these liquids through piping, 
agitation within a container, or movement such 
as pouring or spraying creates sufficient friction 
to generate electrical charges, resulting in a 
spark to a siibstance at a different potential. 

For example, If a volatile product is pumped 
into a tank truck through a pipe line inserted into 
the dome but not electrically bonded to the truck, 
a high voltage static charge could be built up in 
the tank truck due to the flowing stream. This 
could result ina spark's Jumping between the tank 
truck and the filling connection and Igniting the 
flammable vapors. Another example is the 
pumping of petroleum products into a storage 
tank through an overhead or top connection. In 
this case, a high voltage static electricity charge 
is built up on the surface of the oil by the free 
fall of the product through thevapor space of the 
tank. Trouble from such cases is eliminatedby 
pumping the product into the tank throu^ a con- 
nection in the shell Just above the bottom of the 
tank. 

Numerous accidents have been traced to 
static electricity created by the agitation of pe- 
troleum liquids. One fire , which consumed 
120,000 barrels of crude oil in a storage tank was 
traced to the fkct that a tin can, which had fkUen 
into ttie top of the tank, became charged as a re- 
'^t of the accompanying agitation. When the 
can approached the metal shell or side of the 
tank, a spark resulted, and this ignited the vapors 
from tte oil. 

Protection against static electricity consists 
of dissipating static charges before they reach 
sufficient magnitude to be dangerous. This is 
accomplished in several ways, the most common 
method being grounding. 
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Figure 10-3.-Static electricity can be gener- 
ated by (1) the pouring of petroleum liquids; 
(2) moving machinery; (3) personnel; and 
(4) moving vehicles. 
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(b) Moving Machinery .-^Static electricity 
is generated in and around the moving parts of 
machines, particularly in dry atmospheres. 
Grounding of machines prevents the accumula- 
tion of dangerous static charges. Moving belts 
which are not electrically conductive, such as 
those employed for conveyors and power trans- 
mission, are also sources of static electricity. 
One method of combating this source is the use 
of rubber belting containing a conducting com- 
ponent. 

(c) Personnel.*^ Vapors from certain 
flammsA>le petroleum products can be ignitedby 
the discharge of static electricity accumulated 
on ungrounded persons. In enclosed hazardous 
areas conductive flooring is installed and per- 
sonnel should wear conductive shoes. 

(d) Moving Vehicles.-^ Moving trucks and 
other moving vehicles are capable of generating 
static electricity. Whether ornot this constitutes 
a serious hazard is a controversial issue. Al- 
though the National Fire Protection Association 
at one time required trucks to drag ground 
chains, the Association has now dropped this 
requirement. 

2. Stray Electric Currents.— These currents 
usually originate in an electric generator or 
transmission system from which they flow into 



process is known as spontaneous combustion . 
Thus, accumulation of oily rags orpaiut- '^oaked 
rags in combustible buildings and containers is 
a cause of fires. When flammable petroleum 
products are in the vicinity, any such fire, though 
small in its beginning, can become the ignition 
source for a major fire. For this reason, ma- 
terials subject to spontaneous combustion must 
be stored in a way least likely to accelerate oxi- 
dation and most likely to cause any heat of oxi- 
dation to be absorbed by the surroundings. 

Precautions Against Fires 
and Explosions 

The absence of any one of the three foctors 
necessary for combustion prevents the oc- 
currence of fires and explosions. However, in 
handling petroleum products, it is not practical 
to eliminate air. Prevention of fires and ex- 
plosions can therefore be best accomplished by: 
(1) reducing or controlling the discharge of 
vapors which furnish the fuel necessary for com- 
bustion; and (2) eliminating sources of accidental 
ignition. 

Some precautionary measures to be strictly 



pipe lines and other metal parts paralleling rall-^<observed vrtien handling petroleum products are 
road and streetcar tracks. Rallbands and heavy 
parallel conductors are a protection against 
these stray currents. 

3. Sparks And Shorts Originating In Electric 
Circuits.-Sparks and shorts originating in elec- 
tric circuits are hazardous. Common examples 
of sparks are those resulting from electric 
switches and from breaking electric bulbs. Be- 
cause these are sources of danger, special 
lighting systems, special flashlights, and other 
special electric equipments are required for use 
in hazardous areas. Shorts can cause conductors 
to overheat sufficiently to ignite petroleum 
vapors. Electrical equipment used in hazardous 
areas should conform to the National Electrical 
Code requirements. 

4. Spontaneous Combustion.— Certain mate- 
rials such as vegetable oils and vegetable fibers 
soaked in oil are subject to slow oxidation vAten 
exposed to air at normal temperatures. If large 
masses of these materials are piled and allowed 
to stand, the heat liberated from the slow oxida- 
tion process is not allowed to escape and the 
temperature of the mass rises. If this heating 
is allowed to proceed, the material reaches its 
ignition temperature and starts to burn. This 



listed below. Most of these precautions apply to 
the handling of any flammable or volatile product 
at ordinary temperature, and higher flash or less 
volatile products at high temperature. 

1. Reducing Or Controlling The Discharge Of 
Vapors 

a. Tike care that no spills occur. 

b. Avoid spills from overflow vAien load- 
ing storage tanks by gaging tanks prior to loading. 

c. Never neglect leaks. Make frequent 
inspections for leaks in tank seams, tank shells, 
and pipe joints. 

d. If spills or leaks occur, cleanthemup 
immediately. Soaked ground should be washed 
with water or covered with sand or dry earth. 
The area should be policed until flamniable 
vapor has been eliminated. 

e. When temperatures are excessively 
high, cool storage tanks by sprinkling, or by 
playing water over them. 

f. Keep containers for volatileproducts, 
whether empty or full, closed tightly. 

g. Beware of empty fuel containers. 

h. Insure proper ventilation of all en- 
closed spaces in ydiich vapors may accumulate. 
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2. Eliminating Sources Of Accidental Ig- 
nition 

a. Do not smoke. 

b. Do not carry "strike anywhere" 
matches or automatic lighters that open and 
light witti a single motion. 

c. Do not perform any mechanical work 
or repair involving hot work such as burning, 
cutting, or welding, unless a permit is issued 
by proper authority. 

d. Inspect electrical apparatus f re« 
quently and correct any condition likely to cause 
sparking. 

e. Open switches and pull fuses before 
work is done on electrical equipment. 

f. Shut off gasoline tank truck engines 
during the entire period of fillixig or discharging 
unless the truck is designed for engine opera- 
tion, to drive transfer pumps through a power 
take«off. 

g. Ground flammable fuel hose nozzle to 
the tank before starting the flow of fuel. Main- 
tain this bond throughout the filling operation. 

h. Never load or unload volatile or 
flammable products during electrical storms: 

i. Use only self-closing metal recep- 
tacles for discarding oily waste or rags and 
dispose of such collections dally. 

J. Never use volatile petroleum products 
such as gasoline for any cleaning purpose. 

k. Keep gage tape in contact with gage 
hatch during gaging operations. 

L Immediately remove any clothing 
which has become soaked with fuels. 

3. Safety Precautions For Handling JP-4 
Jet Fuel: 

In addition to the safety precautions r&quired 
for handling all volatile fuels, Grade JI>^4 jet 
fuel, because of its tendency to accumulalte and 
discharge static electricity and its low vapor 
pressure, requires additional handling precau- 
tions. Like other volatile fuels, JP-4 still re- 
quires a source of ignition. Unlike the other 
volatile fUels, the static electricity generated in 
pumping, transferring and loading jp.4 is an 
inherrent source of ignition which requires 
careful handling to control, jp.4 Jet fuel is 
unique in that its rate of vaporization under most 
hanclling conditions will create an atmosphere 
Ivapor/air) well within the explosive range, 
within the tank above the liquid surface. Where 
the atmosphere within a fixed roof tank storing 
gasoline will normally be too rich to be Ignited 
or to bum within the tank, In the case of JP-4, 



any Ignition at gaging hatches, vents (Including 
filler necks on aircraft fuel tanks or cells) will 
tvavel into the tank and cause violent combustion 
(explosion). This hazard Is not normally present 
In the case of Grade JP-5 jet fuelbecause of Its 
relatively high flash point (140*'F). To minimize 
the generation and accumiaatlon of static electric 
charge in JP-4 jet fu3l, the following procedures 
and/or precautions iire recommended: 

a. Do not use overhead fUl lines which 
permit a free fall of product through the air. 

b. The entrance of air Into fill lines 
should be minimized or eliminated If practicable. 

c. The pumping of mixtures of waterand 
fuel and the maintenance of water bottoms should 
be kept at an absolute minimum or eliminated. 

d. \Vhen loading vessels, do not exceed 
loading rateslnexcessofSfeetper second (about 
1000 barrels per hour through 12-lnch line) 
through loading lines Into tanks untU discharge 
outlet has been covered by a minimum of 3 feet 
of product. Thereafter normal loading rate may 
be resumed. The loading rate applies to the flow 
Into each tank. The total loading rate shall not 
exceed the sum of the allowable rates for the 
Individual tanks filled. If there Is evidence of 
turbulence or splashing of the product In a tank 
after the discharge outlet Is covered by the 
specified 3 feet of product, the reduced loading 
rate shall be continued until turbulence ceases. 

e. Ullages, water soundings, tempera- 
tures, and samples will not be taken on any tank 
until at least 20 minutes after the tank has been 
topped- off and flow Into the tank has ceased. 

f. The rate of flow Into a fixed roof 
shore tank ^en liquid levels are below 6 feet, 
should be reduced to below 3 feet per second. 

g. Where available, floating roof tanks 
ate preferred for JP-4 storage, since such 
tanks eliminate the vapor space and provide a 
ready path for dissipating a static charge. At 
low levels vAien the roof Is resting on supports 
the same precautions as outlined In (f) above 
should be observed. 

h. ^Vhere feasible the storage of JP-4 
In concrete tanks or other poor electrical con- 
ducting materials should be avoided. 

Principles of Extinguishing Fires 

In qrder to extinguish a fire, one of the 
three factors necessary for combustion must 
be removed, as Illustrated In figure 10-4. 
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Figure 10-4.-Principles of extinguishing fires. 



This may be done by any one of the following 
principles: 

Starving.-If the fuel is removed from a 
fire, it is extinguished by starving. This may 
sometimes be done in a petroleum fire by 
cutting oft the flow of oil. 

Smothering.-If combustion- supporting oxy- 
gen is removed, the fire is extinguished by 
smothering. The smothering principle is em- 
ployed in most petroleum firefighting devices 
as it is the most effective means of fighting 
such fires. The use of foam, carbon dioxide, 
dry chemical, steam, and sometimes sand, 
is based on this principle. 

Cooling.-If hoat is removed from a fire, 
the fire is extinguished by cooling. In ordinary 
fires, this is ususlly done by the application 
of water. However, water alone is not used 
in fighting petroleum fires because a jet of 
water striking into the surface cf burning 
petroleum will disperse the petroleum and 
thus spread the fire. Also, water, having a 
greater density than oil, is likely to sink 
through the oil without its normal pooling 
effect. However, the principle of cooling with 
water may be utilized in fighting petroleum 
fires by the use of water fog nozzles. Water 
fog will extinguish an oil fire by a combina- 
tion of cooling and smothering. Water should 
not be used around electrical equipment, how- 
ever, as it is a conductor of electricity. 

It shoidd be remembered that water is very 
valuable for preventing the spread of petro- 
leum fires. Water sprayed on tanks prevents 
the contents from reaching the point at which 
they will ignite from nearby flames. Water 
is also used to cool pipe lines, tanks, and 
other structures subjected to the heat from 
a fire in order to prevent them from fiiiling 
and possibly adding more ftiel to the fire. 



Methods of Extinguishing Fires 



New firefighting methods are being devel- 
oped constantly. This chapter does not at- 
tempt to describe all types of extinguishers 
and systems, nor to serve as a manual on this 
highly specialized subject. Only general in- 
formation on the types of fire extinguishers used 
in fighting petroleum fires is presented in the 
following paragrphs: 

Foam Extinguishers.— Foam is an aggre- 
gate of tiny gas filled or air filled bubbles, 
lighter than the lightest oils, vAiich is used 
to form a fluid blanket floating on the sur- 
face of flammable liquid to smother the fire 
by the exclusion of air. There are two types 
of foam; Mechanical/' vAiich is produced by 
the addition of a liquid foaming agent to water 
and ''Chemical" v4iich is produced by com- 
bining an alkaline salt solution (usually bicar- 
bonate of soda) and an acid salt solution (us- 
ually aluminum sulphate) to form a gas (carbon- 
dioxide) in the presence of a foaming agent 
which causes the gas to be trapped in bubbles 
to form a tough fire resistant foam. The two 
powders required to make chemical foam are 
commonly known as A and B, a single blend 
of all dry chemicals necessary and a special 
single blend of dry chemicals to produce "al- 
cohor* type foam vAien mixed with water for 
use in single powder generators. 

Production of Foam.— Foam may be pro- 
duced in continuous foam generators, pres- 
sure type foam generators, foam hose streams 
and 2 1/2 gallon stored solution extinguishers. 
Liquid petroleum product storage tanks (ex- 
cept floating roof tanks) are usually protected 
by a fixed pipe distribution system pressurized 
by motor and pump. For small petroleum fires 
portable foam generators may be used. The 
mobility of mechanical foam producing sys- 
tems make them highly desirable for extin- 
guishing petroleum product fires. The foam 
generator shown in figure 10-5, ensures proper 
mixture of mechanical foam with water and air 
for attacking the fire. It is provided with port- 
able hoseline foam outlets. Special nozzles 
provide for delivery of foam in a straight 
stream over long distances or in a protective 
cone-shaped curtain, depending on fire condi- 
tions. 
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Figure 10-5.— Triple>>pumppressure-foam generator. 

Carbon-Dioxide Fire Extinguishers.— This guishers are made with both disk valves and 

type of extinguisher holds liquid carbon dioxide seat valves. When the disk type valve is 

under pressure. When the extinguisher valve piercedi the entire contents of the cylinder are 

is opened, the pressure is released. Extin- discharged, although a temporary shut-off is 
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provided. The seat-type valve permits any 
desired amount of gas to be discharged. When 
the valve is closed, the remainder of the gas 
can be saved for future use. The liquid carbon 
dioxide, upon contact with air, turns into a gas 
which blankets the fire by shutting off the 
supply of oxygen. It also has a cooling effect. 

The carbon-dioxide extinguisher can be used 
effectively to put out oil fires which burn both 
vertically and horizontally, such as a waterfall 
of flame from a broken pipe, or burning oil 
pouring from a broken container over a bench 
to the floor. The steps in using the carbon- 
dioxide extinguisher are shown in figure 10-6. 

Dry Chemical Extinguishers.— These extin- 
guishers, are excellent extinguishers for petro- 
leum fires. Dry chemical extinguishers con- 
tain chemically processed bicarbonate of soda 
which is released when a turn of the hand*- vAieel 
punctures an inner cartridge of carbon dioxide 
or nitrogen. A valve on the nozzle controls 
the discharge . The chemical releases smother- 
ing gas on the fire and a cloud of dry chemical 
which shields the operator from the heat. 

Carbon Tetrachloride (Vaporizing Liquid) 
Extinguishers.— The use of caibon tetrachloride 
extinguishers, has been specifically prohibited 
for use by the Navy because of the extreme 
personnel hazard created by the extremely toxic 
decomposition products (primarily phosgene 
gas). 

HAZARDS TO PERSONNEL 

Vapor Toxic Effect 

The principal hazard to persons handling 
petroleum products lies in the vapor toxic 
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Figure 10-6. -Steps in using carbon 
dioxide extinguisher. 



effects. Vapors given off by crude petroleum, 
gasoline, and other petroleum products cause 
anaesthetic effects ^en inhaled. Petroleum 
vapors in a concentration of 0.1 percent by 
volume may cause slight vertigo at the end of 
6 minutes; 0.5 percent can cause vertigo, to 
the extent of inability to walk straight, in 4 
minutes. Longer exposure or greater concen- 
tration may cause tmconsciousness or death. 

The maximum permissible content of pe- 
troleum vapors for any compartment or tank 
which is to be entered by persons has been 
fixed at 0.1 percent by volume. This limit 
is sometimes called the lower toxic limit. 
A comparison between the lower toxic limit 
(0.1 percent) and the lower explosive limit 
(1.0 percent) is shown in figure 10-1. It 
should be remembered that the concentration 
of vapors v4iich can be tolerated by a man is 
far below that required to produce explosive 
mixtures with air. 

First symptoms of exposure to toxic vapors 
are headaches, nausea, and dizziness. Re- 
covery from these early symptoms is usually 
pi^ompt after removal to fresh air. However, 
if men are overcome by vapors, they should 
receive immediate medical attention. First 
aid consists of the prevention of chilling and 
of artificial respiration if breathing has stopped. 

Although jet fuels do not contain tetraethyl 
lead, they may contain more toxic aromatics 
than aviation gasolines. They should, there- 
fore, be handled with the same health pre- 
cautions as apply to leaded gasolines. 

Lead Poisoning 

The toxicity of heavy concentrations of 
vapors from gasoline is increased if the gaso- 
line contains tetraethyl lead, added for anti- 
knock purposes. This lead compound may be 
inhaled with the fumes or may enter the body 
through the mouth or by absorption through 
the skin. No matter how it entei's the body, 
tetraethyl lead is poisonous. 

Although the amount of tetraethyl lead blended 
with automotive gasoline is very small, the 
hazards of tetraethyl lead may arise vdien 
bulk gasoline facilities are involved. No one 
should enter a storage tank which has con- 
tained leaded gasoline unless special precau- 
tions are followed. Among other precautions; 
special protective clothing and a fresh air hose 
mask must be worn until such time as the tank 
is declared lead- free. 
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Lead poisoning may occur from repeated 
exposure to gasoline vapors in an enclosed or 
inadequately ventilated area ^ere leaded gaso- 
line has been spilled in considerable quantity. 
There is also danger of lead poiscxiing from 
fumes given off by stoves or other gasoline 
burning equipment in which leaded fuel is used. 
Adequate ventilation should be ensured. If 
operating personnel are e^qposed persistently 
to leaded gasoline, they should be rotated on 
the Job in order to limit the period of individual 
exposure. 

Injury to Skin and Eyes 

Volatile products such as gasoline and JP«4 
Jet fuel may cause skin irritations if allowed 
to remain in contact with the skin, particularly 
under soaked clothing or gloves. Clothing or 
shoes through which any fuels have soaked 
should be removed at once. Fuel should be 
washed from the skin with soap and water. 
Repeated contact removes the protective oils 
from the skin and causes drying, roughening, 
chapping, and cracking and, in some cases, 
infections of the skin. OU- resistant rubber 
gloves should be worn as protection by persons 
handling petroleum products. 

If volatile fUels get into the eyes, first aid 
should be given immediately. After copious 
washing, with water, sterile olive oil, castor 
oil, or mineral oil may be applied to the eye, 
and medical attention should be secured. 

Swallowing Petroleum Products 

If a person swallows a petroleum product, 
first aid should be given immediatdy. Giv- 
ing the victim a large quantity of warm, salty 
water to drink In order to induce vomiting is an 
effective aid. Medical attention should be se- 
cured immediately. 

Precautions Against Hazards to Personnel 

1. No person should enter tanks or storage 
spaces which have housed petroleum products 
until 'Such spaces have been tested by qualified 
personnel and declared safe for men. 

2. If necessary to enter spaces which are 
not known to be safe, do not enter without 
special equipment and without having obtained 
instruction in use of this equipment. (Although 
this precaution seems obvious, many deaths 
have resulted from failure to observe it. A 



casualty aboard a tanker illustrates this point. 
Two men were working in the forward pump 
room and after some time failed to emerge. 
A third man, without stopping to don the re- 
quired equipment, went down into the pump 
room to investigate. The third man did not 
return. All three died from the effects of 
toxic vapors.) 

3. If symptoms such as headache, dizzi- 
ness, or nausea are noted among persons han- 
dling petroleum products, such symptoms should 
be taken as a warning of the presence of 
dangerous amounts of petroleum vapors In 
the air. All exposed persons should be sent 
out of the area at once. 

4. Care must be taken to avoid spilling pe- 
troleum products. As previously stated, cloth- 
ing should be removed if volatile fuels have 
been spilled on it. This should be done In a 
well- ventilated space because of the C inger 
of flammable vapors, and the resultant fire 
hazard. For example, a person having gaso- 
line on his clothing entered a small locker 
room vAiere another man was smoking. A 
spark from the cigarette ignited the vapors 
from the gasoline- soaked clothing. As a re- 
sult, two lives were lost. 

5. Volatile fuels should never be used for 
cleaning purposes. 

SAFETY DEVICES AND EQUIPMENT 

The U> S. Navy Manual of Safety Equipment 
(NavExos P-422), issued by the Safety Branch 
of the Office of Industrial Relations, Navy De- 
partment, provides data regarding the design, 
construction, operation, and limitations of arti- 
cles of safety equipment most generally used 
by the Navy. Based largely on this manual, the 
remainder of this chapter discusses, in a gen- 
eral way, a few safety devices and articles of 
safety equipment commonly encountered In the 
handling of petroleum products. 

Flame Arresters 

A flame arrester is any device used for 
preventing the passage of flames from or Into 
closed spaces. Flame screens which are one 
type of flame arrester, diffuse the heat and 
thereby lower the temperature. These screens, 
(usually 40-mesh) placed in the flow of flam- 
mable gases, will not permit any flame which 
occurs— vrtiether accidentally or intentionally- 
on one side the screen to pass through its open- 
ings. Flame arresters may also consist of 
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bundles of small tubes, each tube being suffi- 
ciently small in diameter to prevent the pas- 
sage of flame. 

Flame screens are used in gas furnaces 
to prevent the flame inside the ftirnace from 
igniting any gas which may escape to the out- 
side. Flame screens are also used in some 
internal combustion engines between the carbu- 
retor and the fresh air intake. On tankers, 
flame screens are used at the mouth of the 
vent pipes vdiich extend up the mast. 

Portable Lighting 

Portable electric lamps and flashlights are 
designed for use in atmospheres containing, 
or likely to contain, flammable gases and 
vapors. These portable hand lights obtain their 
power from seU-contain^ dry-cell or storage 
batteries. The essential features of the lamps 
are that they are so designed that: (1) the 
accidental breaking of the lens and bulb in a 
flammable atmosphere \^ile the lamp is in 
operation will not cause ignition of gas; and 
(2) there will be no difference in electric 
potential between any two points' on the ex- 
terior of the lamp. The bulb is mounted in 
such a way that, should the lens and bulb be 
broken, the base of the bulb would be ejected 
from the socket so quickly that the heated fila- 
ment would not have time to ignite the gas. 

Safety Cans for Flammable Liquids 

Safety cans are designed for the safe han- 
dling of gasoline, naphtha, and other highly vola- 
tile, flanmiable liquids in quantities up to 10 
gallons. These cans are made for use inside 
buildings which are not provided with special 
storage rooms of proper construction. They 
are also used iortransporting such liquids within 
local outside areas. 

Each can is cylindrical in form and has 
a self-closing valve which is opened through a 
valve-actuating linkage by manual pressure ap- 
plied to either the carrying handle or an inde- 
pendent control lever. Internal pressure in ex- 
cess of 5 pounds per square inch is rdieved 
either through an independent pressure- rdief 
valve or by overcoming the spring pressure on 
the pouring closure or the filling closure. 

Both the filling and pouring openings are pro- 
vided with double screens of such design that 
they serve as flash-back arresters in the event 
the flammable vapor shouldbe ignited outside the 



can. These screens can be readily removed and 
replaced without forcing, thus facilitating fre- 
quent inspection and cleaning. The valves are 
leakproof, so that thecan,yAien filled with liquid, 
can be inverted without any danger of leakage. 

The stability of the can is such that it will not 
tip over of its own accord viien it contains liquid 
and is placed on an inclined surface which forms 
an angle of 30 degrees with the horizontal. 

Combustible Gas Indicators 

To detect the presence of flammable gases or 
vapors in the atmosphere, instruments known as 
combustible gas iiiclicators are used. (Com- 
mercially, these are known by various trade 
names such as Explosimeters and Vapotesters, 
the trade name depending on the manttflcturer.) 
In using a gas indicator, a sample of the combus- 
tible atmosphere' is drawn through an analyzer 
unit where it comes in contact with the surface 
of a heated platinum filament. The filament over 
which the sample passes, known as the detector 
filament, iias a surface catalytically activated to 
burn the vapors. When vapors are present, their 
burning on the filament will produce an increase 
in temperature and as a result, an increase in 
the electrical resistance of the filamentunit.The** 
instrument is so calibrated that this change in 
resistance unbalances an electrical wheatstone 
bridge circuit, the unbalance being proportional 
to the concentration of the vapors in the sample 
atmosphere. The bridge unbalance is reflected in 
a voltage unbalance which activatesthe needle of 
a galvanometer andindicates the concentration of 
vapors. 

At the present time thqre are several dif- 
ferent combustible gas indicators thathavebeen 
tested by the Navy and found satlsfoctory for use 
aboard naval vessels. One of these is the Explosi- 
meter (manufactured by the Mine Safety Appli- 
ance Company). (See fig. 10<-7.) The Navy- 
approved indicators, although manufactured by 
different companies, operate in accordance with 
the principles described above. 

The indicators are capable of safely, quickly, 
and accurately detecting all combustible and 
flammable gases or vapors associated with fuel 
oils, gasoline, alcohol, acetone, and illuminating, 
or fud gas. They are sensitive in detecting 
small quantities of these vapors or gases up to 
the lower explosive limit and beyond the upper 
explosive limit. They are provided with flame 
arresters to prevent a flash-back. The record- 
ings are made by meters. Usually the scales 
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Figure 10.7.-M. S. A. Exploslmeter. 



are graduated so that the explosive condition of 
the atmosphere being tested can be read directly. 
However, if the combustible gas indicator is 
calibrated to give readings on specific gases, 
readings obtained with other gases may vary to 
some extent. Therefore, readings must be con- 
verted by means of a conversion chart. 

Respiratory Protection 

To ensure that all nonmilitary respiratory 
equipment used by the Navy will afford the pro- 
tection for i^lch it is intended, only such equip- 
ment as is approved hy the Bureau of Mines is 
used or authorized, ihe preparation of Navy 
specifications for all typesof respiratory equip- 
ment takes Into consideration the Brueau of 
Mines* requirements. 

There are two main types of equipment suit- 
able for use In tiie presence of toxic gases and 
vapors. They are: (1) fresh-air hose masks; and 
(2) the tank supplied air mask. 



The fresh-air hose mask is designed to pro- 
vide respiratory protection against oxygen- 
deficient atmospheres, and atmospheres that 
contain a high concentration of toxic gases and 
vapors. It can be used with a maximum of 150 
feet of hose MAiere the encumbrance of the hose 
line would not greatly interfere with the move- 
ment of the user. It is especially useful in enter- 
ing tanks, tank cars, ship compartments, holds, 
and pipelines for inspections, cleaning, and 
repair work. The fresh-air hose mask may also 
be used for rescue work in recovering victims 
of irrespirable atmospheres. 

As shown in figure 10-8 the fresh-air hbse 
mask consists of a tight-fitting, full facepiece; 
breathing tubes; and a harness. The assembly 
also Includes a noncoUapsible hose line 1 inch in 
diameter, and hand-operated blower. The har- 
ness and hose are strong enough for retrieving 
the wearer in emergency, and the hose will not 
collapse under considerable weight. Moreover, 
It is so constructed that it will not kink and shut 
off the air supply. A dee ring is provided in the 
back of the safety belt harness for the attach- 
ment of a rope life line. The entire assembly 
of mask, hose, and blower is conveniently 
packed In a trunk for transporting and storage. 
(See fig. 10-9.) The use of a fresh-air hose 
mask in tank cleaning operations is mandatory. 
The mask is shown in figure 10-10. A more 
detailed explanation of limitations and proper 
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Figure 10-8.-.Fresh air hose mask. 
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use of the fresh-air hose mask Is contained in 
NavDocks P-342| Fuel Storage Tank Cleaning 



iragc 

EsTf 



at the Shor e Establishments (Finished Product 
Tanks ), 

The tank type air supplied mask equipment 
consists of a tank containing breathing air and 
a mask similar to the one used with the fresh- 
air hose line. The tanks can hold enough air to 



last from 15 minutes to 1 hour and are car- 
ried on the back of the wearer by a shoulder 
strap harness arrangement. Air is supplied to 
the face mask from the tank through a system 
of hose and regulating valves. This equipment 
is very useful where the wearor is required 
to enter hazardous areas for short intervals 
such as in emergency rescue work. ^ 



I 
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Figure 10-9.— Fresh air hose mask unit. 
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STORAGE OF PETROLEUM PRODUCTS 



Important considerations in designing and 
maintaining physical equipment for the storage 
of petroleum products whether for military or 
commercial use are: (1) the maintaining of the 
quality of the petroleum products; (2) maximum 
seciurity against fire and explosion hazards; and 
(3) maximum security against losses resulting 
from evaporation and seepage. Moreover, in 
times of national emergency consideration must 
be given to the vulnerability of storage facilities 
to enemy attack and sabotage. 

Various types of bulk storage facilities used 
by both the petroleum industry and the military 
forces are described in this chapter. 

Today the Navy has a world-wide storage 
and distribution system which stems largely 
from the World War n build-up of petroleiun 
storage facilities. TMs has been augmented by 
some additional construction of Navy-owned 
storage in certain instances, by leasing from 
conunercial sources as required, and by storage 
made available for United States Navy use 
through the NATO Infrastructure construction 
program. 



SURFACE BULK STORAGE 



The principles of surface bulk storage for 
petroleum products are basically th3 same for 
the military forces as they are for the petroleum 
industry* The tanks in general commercial use 
have capacities of 1000, 25,000, 30,000, 55,000, 
82,000, and 120,000 barrels. The tanks most 
commonly used by the military forces range 
from 25,000-gallon to 13,500-barrel capacity at 
air stations, and 13,500 to 150,000 barrels at 
fuel depots. Surface storage tanks are con- 
structed of mild steel plates. Normally fuel 
storage tanks are of welded construction; ad- 
vanced base tanks up to 10,000 barrels capacity 
are of bolted construction. 



Bulk storage tanks may be classified as at- 
mospheric storage tanks, and pressure storage 
tanks. The following discussion conforms to this 
classification. 

Atmospheric Storage Tanks 

Atmospheric tanks are the type piost com- 
monly employed for the storage of petroleum 
products. They are used for the storage of those 
products having vapor pressures less than that 
of the atmosphere under the conditions prevailing 
in the tanks. Atmospheric storage tanks include 
fixed-roof tanks and floating-roof tanks. 

Fixed-roof Tanks.— A fixed-roof tank is the 
simplest type of atmospheric storage tank. It 
consists of a flat steel bottom resting directly 
on an earth grade or a prepared foundation, a 
vertical cylindrical steel shell, and a fixed roof 
supported by trusses or rafters. Although the 
roof is usually cone-shaped, it may be curved or 
even flat (See figs. 11-1 and 11-2.) 

A conventional tank with a fixed roof is not 
capable of withstanding any appreciablepressure 
or vacuum. Consequently, the roof must be 
equipped either with open vents or with venting 
valves designed to operate at very low pressure. 

Although fixed-rooftanks are relatively inex- 
pensive, continual vapor loss occurs as a result 
of breathing. (Breathing of the fixed-roof tank 
takes place with the increase and decrease of 
vapor pressiure as the temperature changes, and 
during filling and emptying operations.) The 
fixed-roof tank usually operates atl/2oz. pres- 
sure and 1/2 oz. vacttum. As the tank is filled, 
the vapor above the liquid must be discharged, 
either to the atmosphere or to some venting or 
vapor collecting system. 

Fixed-roof tanks are best adapted to the 
storage of products which have a relatively low 
vapor pressiure, such as kerosine, fuel oil, JP-5 
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Figure 11-2.— Usual accessories and fittings on standard cone-roof tank. 



132.85X 



Jet fuel, and diesel oil. Fixed-roof tanks of 5000- 
barrel csq[>acity, or morei are not usually em- 
ployed for the storage of highly volatile prod- 
ucts such as gasoline because of the attendant 
vttpor loss. AlsOi other types of tanks provide 
greater safety factors for the storage of highly 
volatile products. 



Floating-Roof Tanks.— Floating-roof tanks 
are especially adapted to the storage of fuels hav- 
ing vapor pressures similar to those of gasoline. 
They are used more commonly than any other 
type tank for this purpose. A floating-roof tank 
consists of a flat steel bottom resting directly 
on a prepared foundation^ a vertical cylindrical 
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Figure ll-3.-Floating-roQC tank. 



steel shell maintained circular at the top by 
means of a suitable wind girder; andaroof which 
floats on the liquid and rises and sinks as the 
tank is filled or emptied. 

The roof may be either a center-weighted 
pan, a peripheral pontoon with a flexible center 
deck plate I or a continuous pontoon over the 
entire surface which, in effect, is adouble-deck 
roof. (See fig. 11-3.) The annular space between 
the rim of the roof and the tank shell is closed 
off by a special sealing device to reduce evap- 
oration loss around the periphery of the taidc* 

Since floating-roof tanks are designed to 
float on the liquid fuel, vapor breathing losses 
are practically eliminated; corrosion, which 
is caused by the presence of air, is almost en- 
tirely eliminated; fire hazard is materially 
reduced. 

Although the floating-roof tank eliminates 
filling loss, it is susceptiblie to some minor 
standing loss^primarily as aresultofthe action 
of the wind, which tends to take vapors out of the 



narrow space between the seal and the tank 
shell. Therefore, floating-roof tanks can 'oe 
most economically used when throughput is 
high and tank turnovers rapid. 

Pressure Storage Tanks 

Pressure storage is used for the storage of 
products having vapor pressure sufficiently high 
to cause boiling at atmospheric pressure. Such 
boiling, if permitted to continue for any ap- 
preciable time, results in serious loss of 
product. The boiling temperature of a liquid can 
be raised by increasing the press\u*e acting 
upon its surface. It follows then, that boiling 
losses can be prevented by increasing the pres- 
sure just above the vapor pressure of the liquid. 
Therefore, pressure tanks are used for the 
storage of products such as natural gasoline 
and liquefied petroleum gases i as well as some 
other volatile liquids such as anhydrous am- 
monia. 
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Pressure tanks are of various shapes, in- 
cluding spheres y spheroids, hemispheroids, and 
cylinders, 

Spheres.^Tanks in the shape of spheres are 
used extensively for storing liquids requiring 
storage at relatively high pressures. When sub- 
jected to uniform internal pressure, the shell is 
stressed equally in all directions. Tanks which 
are shaped like spheres are usually supported 
by a number of tubular columns attached to the 
shell* 

Spheroids and Hemispheroids.— Spheroids 
and hemispheroids also may be used for the 
storage of volatile liquids but are especially 
well adapted for the storageof motor andnatural 
gasolines. They are designed to prevent excess- 
ive evaporation losses which occur when such 
products are placed in conventional tanks. Spher- 
oid tanks are used for low-pressure storage of 
large quantities of petroleum products. Hemi- 
spheroids are used for the storage of smaller 
quantities of petroleum products requiring low- 
pressure storage. 

Cylinders.— Cylindrical pressure tanks are 
used for the storage of propane and similar 
petroleum products. Cylinders are usually 
limited in size to approximately 10 to 12 feet in 
diameter and to approximately 40 feet in length. 
They maybe installed either vertically or hori- 
zontally. 



UNDERGROUND BULK STORAGE 

Since above-ground tanks are extremely 
vulnerable to air attack, the Navy, prior to 
World War II, conducted studies to determine 
the best method of solving the problem. Several 
possibilities were investigated including: (1) 
placing steel tanks underground to the point of 
concealment only; (2) constructing prestressed 
circular, reinforced concrete tanks and con- 
cealing them by ciit-and-cover methods; (3) con- 
structing steel-lined concrete vaults; and (4) 
constructing undergroimd steel tanks. 

It was decided that vertical-type cylindrical 
domed vaults of concrete encased steel afforded 
the most practical type of storage. It was con- 
cluded that such construction would make the 
tanks relatively bomb proof. Duplicate piping 
anid pumping equipment were recommended. 
The cost of this type of storage was estimated 



to be too high for adoption as a standard, but was 
considered necessary to safeguard supplies of 
vital petroleum products at certain strategic 
locations. 

Although some bo mb-proofxmder ground steel 
tanks were constructed, the majority of imder- 
ground storage tanks used by the military forces 
were of prestressed concrete. In prestressed 
concrete tanks, circular steel rods are installed 
to hold the concrete side walls in compression, 
to prevent cracks, and to keep vertical construc- 
tion joints tight. 

Coatings and Lining Systems 
for Concrete Tanks 

Prior to and during the early years of World 
War n, the need was great to divert steel into 
vital and essential uses. The wide spread con- 
struction of prestressed concrete tanks for the 
storage of petroleum fuels greatly reduced the 
requirements for steel. Several hundred such 
tanks were constructed throughout the armed 
services for all types of petroleum ftiels. 

When used for burner fuels such as Navy 
Special and Ckades 5 or 6, the interior surfaces 
of such tanks are usually treated with a solution 
of sodium silicate to fill the interstices of the 
concrete. Tanks so treated are tight and rela- 
tively chemically inert to the more dense pe- 
troleum fuels. 

The use of prestressed concrete tanks for 
the storage of all gasolines and jet fuels in- 
volves far more penetrating liquids with many 
additives for end objectives. Some of the ad- 
ditives which might be . encountered in such 
fuels are gum, oxidation and corrosion inhibi- 
tors, combustion improvers, and anti-icing 
additives. Many of these additives would react 
with the alkaline concrete. Moreover, minor 
cracks in the concrete would result in serious 
leakage. Consequently, for all gasolines and jet 
fuel storage, concrete tanks must be provided 
with an interior lining or coating system which 
acts as a chemically inert barrier between fuel 
and concrete. Such a system should possess the 
following properties: Adhesive and cohesive 
strength, chemjlcal inertness, no catalytic effect, 
elongation chai^acteristics, relative impermea- 
bility, favorable cost and applicability. 

In the early days of concrete tanks, lining 
systems were developed by the use of organic 
polydisulfides. Coatings made of these ma- 
terials remained stable over a period of years 
in most cases. 
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Extensive research has led to two vastly im- 
proved coating systems for the interior surfaces 
of concrete tanks. These coating systems are 
described in NavDocks Specification 47Y as 
Types 51 and 53. Type 51 consists of under- 
coats of a latex with fabric reinforcement over 
which is applied multiple coats of saranlacquer. 
Type 53 consists of a blend of latexes and is 
similarly applied. 

These lining systems have been subjected to 
extensive use and techniques are available for 
applying to fresh new concrete as well as to 
oil impregnated concrete surfaces. It is de* 
sirable to apply test patches on the surfaces to 
be coated for any specific tank. 

Coating and Lining Systems 
for Steel Tanks 

Interior coating systems for steel tanks serve 
to prevent corrosion of the metal surfaces and 
ultimate loss of the tank, and to prevent con* 
tamination of the stored fuel by products of 
tank corrosion such as metal oxides, hydrates, 
or salts. 

As a general practice, steel tanks which are 
used for the storage of diesel ftiel and heavier 
grades of fuel do not require interior coatings. 
The heavier and more viscous fractions of these 
fuels adhere to the metal surfaces providingfor 
protection of the metal surfaces. The exception 
of this is water which settles to the bottom of 
tanks and is not removed. Water bottoms, either 
fresh or salt, will promote corrosion of the 
steel. 

The settling time of solids and water in JP- 5 
is the longest of all aircraft fuels and the need 
for fuel cleanliness is great. Ready issue tanks 
for this grade of fuel should be entirely coated 
internally. Other tanks for gasolines or light 
fraction jet fuels need not be entirely coated. 
The interior surfaces of such tank bottoms and 
2 feet up the sides should be provided with an 
appropriate coitiiiiig to preclude corrosion from 
water whfch settles out of the product. 

Interior coatings for steel tanks which have 
been tested and approved as to formulation by 
the Navy include polyurethanes, modified 
epoxides, vinyl type resins, and furan resins. 
The polyurethanes have demonstrated excep* 
tional chemical resistance and toughness. 

Exterior coatings for steel tanks differ 
greatly in surface and subsurface tanks. Under- 
ground steel tanks should be externally coated 
with an approved coal tar primer and enamel. 



This coating system is described in NavDocks 
Publication 34Y. Consideration also must be 
given to the corrosive e^ect of soil on the 
tank. Where corrosive conditions are severe, 
cathodic protection is required. Cathodic pro- 
tection consists of making the electrical po- 
tential of the walls of the tank to be protected 
lower than that of the surroudingsoil. The metal 
is thus made a cathode instead of an anode. 
Electrochemical corrosion occurs at the anode 
when two dissimilar metals are in contact in 
the presence of an electrolyte. The metal of 
higher potential will become the anode, tend to 
go into soltition in the electrolyte, and there- 
fore corrode. The tank is protected by making 
it a cathode since corrosion occurs only at the 
anode. It has been foimd that all usual forms of 
corrosion are prevented when the cathode pro- 
tection makes the metal wall or other metallic 
structure 0.25 to 0.3 volt negative with respect 
to the soil or liquid surrounding the tank. 

The exterior surfaces of above groimd tanks 
should be painted for general appearance and to 
preclude atmospheric corrosion. Such tanks 
in the service of high vapor pressure products 
should be painted with materials which result 
in a high reflection coefficient for solar radia- 
tion to minimize vapor losses. Applicable 
specifications should always be used for both 
materials and applications. 

Spacing of Tanks 

In order to minimize the effect of bombing 
or strafing against tanks, the location of the 
tanks is stagrjered, where possible. As a further 
protection against bombing, the layout of large 
developments is separated into two or more 
subgroups. Generally, not more than four 
tanks are placed in a row; tanks are spaced 
at least one tank diameter apart, and adjacent 
rows of tarJcs are spaced at least 150 feet 
apart. 



STORAGE OF PACKAGED PRODUCTS 

Although the largest percentage of military 
petroleum products is stored in bulk and dis- 
pensed by bulk handling equipment, military 
operations may require the handling of these 
products in relatively small containers com- 
monly referred to as packages. In the storage 
of packaged products, consideration should be 
given to type of product, type and condition of 
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containers, availability of space and equipment, 
natural and man-made environment, and costs. 
The following prescribed procedures are rec- 
ommended; for more detail refer to Military 
Standardization Handbook Petroleum Operal 
ttong, MIL-HDBK-201A« 

Types of Packages 

55- Gallon Drums. ^ For many years, the 55- 
gallon drum has been used for storing and 
transporting packaged gas lines. Drums used 
by the military forces are 16-gage or 18-gage 
containers having bungs in the end for filling 
and emptying. When filled, each weighs ap- 
proximately 400 pounds. 

Other Containers. ^Many other petroleum 
products, such as lubricating oils, gear lub- 
ricants, and lubricating greases are handled 
in cans, driuns, pails, and other packages, 
ranging from 2 ounces to 500 pounds, depend- 
ing upon the requirements and intended use of 
the products. 

Can, Gasoline, Military 5-Gallon.— These 
cans are used extensively by the military 
forces to supply gasoline to ground units in 
the field. It has a large 2-inch screw-type 
closure from which gasoline may be poured 
by the use of a flexible nozzle. 

Additional Information. - For inf or mation 
concerning dimensions, weights and cube of 
various packaging containers, refer to Military 
StMidardization Handbook, Conversion Factors 
and Logistic Data for Petro leumKlannlng.MIL, 
HD5K-2iO. 

All containers used for storing petroleum 
are required to be clearly marked with the 
contents and date for the following purposes: 

1. To identify products so that proper prod- 
ucts may be issued for required use. 

2. To segregate stocks so that, in any 
petroleum storage area, the products can be 
readily located and rapidly issued. 

3. To ensure priority of issue sothat stocks 
which have been in storage for the greatest 
length of time can be used first, thereby 
avoiding deterioration. 

Refer to Military Standard- Packaging, Pack- 
tog, and Marking Of Petroleum ^d Relalea 

Products , MIL-STD>Z90 for inafniniiona aia 

to standard uniform marktogs. This standard 
also provides standard packagtog and packing 
methods. 



Storage of Drummed Products 

The type product and the facilities avail- 
able will determine whether toside or outside 
storage is appropriate. Whenever possible, 
lube oils and greases are stored todoors. 
Fuels, tocludtog used fuel contatoers, should 
be stored out of doors away from buildtogs. 
Empty fUel contaiiiers which are i^ew or have 
been reconditioned stoce last conta'ntog fuel 
should be stored indoors whenever pr )sible. 

Outdoor Storage of Drums 

A level site should be selected that is not 
in or adjacent to a congested area, with the, 
contour of terrain betog such that, an im- 
mediate run-off of STjrface water is possible 
through a system of open ditches. Dratoage 
into any sewer system is prohibited. ; An 
adequate supply of water for firefighttog pur- 
poses should be taken toto consideration to the 
selection of this site. The drum storage area 
should be located or arranged so that escaptog 
flammable vapors normally flow away from 
operational areas and sources of ignition. Gaso«> 
line vapors are heavier than air and tend to 
lie in a stratum less than 4 feet above grade 
and flow toward lower ground much as liquid 
flows to a lower level. The drums should be 
stored horizontally on suitable dunnage, to 
double rows, butt to butt with liquid pressure 
on the closures. Normally, low flash products 
should not be stored to rows more than 35 
drums long nor more than 3 tiers high. For 
the storage of high flash products the quantity 
of drums stored in a tier may be doubled. 
Covered Storage 

Clearances of at least 100 feet should be 
maintatoed between warehouses or from other 
buildings, sparlc'prbductog equipment, and fires 
of any ktod. Warehouses should be constructed 
of fire resistant materials and only the ground 
floor used for storage of packaged products. 
Adequate firefighting equipment should be avail- 
able. Storage areas in each warehouse should 
be planned so that products can be segregated 
into sections with adequate aisles andcurbtog 
placed around each section to prevent the spread 
of spilled liquids to other sections of the ware- 
house. The primary objective in the arrange- 
ment of contatoers is to store the maximum 
quantities of products to a limited space while 
maintaining fire protection and providtog ease 
and safety to handling the containers. 
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Storage of Produces in 5<- Gallon 
Military Gasoline Containers 

Filled 5-gallon gasoline containers are 
normally stored in outdoor storage areas. To 
conserve space and to provide stability of 
stacks, filled 5-gallon gasoline cans should 
be stacked in pyramids, normally 4 tiers high, 
unless cans are palletized. 

Storage of Packaged 
Lubricants and Greases 

All packaged lubricants and greases ixi 
packages other than 55-gallon drums should 
be under covered storage. U covered storage 
is not available lubricating oils and greases 
may be stored outdoors provided the containers 
are protected from water, heat, and sun by fire 
retardant tarpaulins. Storage should be such as 
to provide for segregation of the products into 
sections. The lubricants should be stacked on 
pallets or adequate dunnage. 



Storage of Empty Containers 

Empty containers should be protected from 
damage by careless handling, and from con-* 
tamination of interior by dirt, water, and other 
extraneous matter. Tightly closed containers 
will retard interior corrosion to agreatdegree. 
New or reconditioned containers received for 
storage will have no product markings thereon. 
These containers should be inspected pe-* 
riodically to ensure their usability at all times. 
Containers evidencing interior or exterior cor* 
rosion should be removed for possible redama* 
>.^on. Empty containers previously containing 
products should be treated as explosion hazards 
and handled accordingly prior to reconditioning. 
Closwes should be tightly closed, as an open 
bung or vent emits hazardous vapors for some 
time after removal of the product. Economi- 
cally reparable containers maybe reconditioned. 
Empty drums and cans may be stacked by any 
of the methods prescribed for filled drums and 
cans but without height limitations. 
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Petroleum products packaged in drums, cyl- 
indersi or small containers are moved by rail 
as freight and by water as general cargo; bulk 
products are transported by pipeline, tank car, 
tank trucki barge, or tanker. (See fig. 12-1.) 
Because most military petroleum products are 
transported in bulk, and because the problems 
of buUc transportation are peculiar topetr oleum, 
this chapter is concerned only with bulk trans- 
portation. 

Bulk petroleum cargoes are frequently re- 
ferred to as clean or black. Clean cargoes 
include such products as aviation and motor 
gasolines, diesel oils, jet fuels, kerosines, and 
lubricating oils. Black cargoes include crude oil 
and bunkering fuels. Tankers and other means of 
transportation for bulk petroleum are commonly 
designated as clean or black, according to the 
product last carried. 

Pipelines, tank cars, tank trucks, and tank 
barges are discussed in this chapter. Because 
of the importance of tankers to the Navy, a 
separate chapter is devoted to the subject 
(See ch. 13.) 



PIPELINES 

Pipelines in the United States 

The transportation of crude petroleum and 
petroleum products by pipelines occupies a 
unique position in the Nation's transportation 
system. 

The importance of pipelines in the transpor- 
tation of petroleum products was demonstrated in 
World War II when it became imperative to rush 
large volumes of gasolines and ftiel oils to ports 
and industrial centers. Prior to the war, more 
than 40 percent of all the petroleum products 
used in the entire country went to the eastern 
coastal area. When the ports of the east coast 
became the closest supplysourceforthe African 



and European battle zones, the demand for re- 
fined products increased tremendously. Pre- 
viously, all but an insignificant fraction of the 
petroleum products had been delivered to this 
area by tanker, but tanker deliveries were con- 
siderably decreased by enemy submarine action. 

To correct deficiencies in transportation, 
pipelines were mobilized in an all-out effort to 
meet the demands. Tlie supply problem could 
not have been surmounted by the already greatly 
overburdened rail transportation. In mobilizing 
the pipeline system, the country's few existing 
pipelines were relocated and linked together, so 
that it was possible to deliver more than 
160,000 barrels of petroleum products to the 
east coast every 24 hom*s. This represented 
nearly a 400 percent increase over the volume 
carried by pipelines before the war. To accom- 
plish this, about 3000 miles of old pipe were dug 
up, salvaged and relocated. More than 300 miles 
of natural gaslines were convertedto oil service. 
The direction of flow of about 3000 miles of 
existing line was reversed. 

As shown in figure 12-2, in 1941, 95 percent 
of the petroleum deliveries to the east coast 
were by tanker; in 1945, only 22 percent of the 
deliveries were by tanker, and 40 percent by 
pipelines. 

Strategic Importance of Military Pipelines 

As a means of transportation at the battle 
front, pipelines have distinct advantages over 
other methods of transportation. As land forces 
advance, supply lines must be extended. Sup- 
plies such as food and ammunition are carried 
by truck, railroad, or aircraft. Convoys congest 
the normal transportation facilities of highways. 
The use of pipelines to move vital petroleiun 
products helps to relieve the congestion of other 
means of transportation and thus facilitates the 
movement of all classes of supplies. Pipelines 
are not limited to fixed or cleared routes, but 
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Figtire 12-1.^ Flow of petroleum products to area of operations. 
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Figure l2-2.-Petroleum deliveries to the east coast, 1941, 1945. 
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may be laid crosscoxmtryi over rough terraini 
through woods, across waterways, and under- 
water. In addition, pipeline delivery is more 
reliable than any other means of transportation 
as it is least affected by climatic hazards, and 
if properly routed and concealed is less vul- 
nerable to enemy action. 

During World War n, the Navy, faced with 
the problem of transporting fuels from refin- 
eries in the Caribbean to the Pacific Theater, 
built tank farms at Colon, on the Atlantic side 
of the Panama Canal, and at Balboa, on the 
Pacific side. These two tank farms were con- 
nected by four pipelines. Two 20-inch lines 
carried Navy Sper-ial fuel; one 12.inch line 
carried gasoline; a lO'-inch line carried diesel 
fuel. Slow tankers were put on the tank from 
Aruba and Curacao for discharge into the tank 
farm at Colon. The oil was then pumped across 
Panama and loaded into fast tankers. This method 
freed the Canal for other vital war shipping 
and speeded up delivery of oil to the Pacific. 
Also, by this method the Pacific Fleet would 
have been provided with a fuel lifeline even if 
the Canal had been destroyed or damaged. 

In the European theater, various military 
projects were undertaken to ease the storage 
and distribution problems, and in particular, to 
minimize the dependence on tankers. For ex- 
ample, to ensure the adequacy of the petrcfleum 
supply in Prance, following the establishment of 
beachheads, 20 complete lines (700 miles of 
pipe) were laid under the English Channel. This 
operation, known as PLUTO, was of invaluable 
help to the allied cause. 

Since World War II, the increased use of 
pipelines has proven very effective for the dis- 
tribution of petroleiun products. Many pipelines 
have been installed for receiving ftiel direct 
from refineries and distribution points. Advance 
base pipeline systems to support amphibious 
operations and forward areas are available for 
contingency operations. 

An extensive storage andpipellne system has 
been constructed in various NATO countries to 
provide a system of supplying petroleum prod- 
ucts for land and air operations. This immensely 
flexible system would enable the Allied forces 
to take both immediate and sustained retaliatory 
action against an aggressor. 

Pipel^e Systems 

For protection, pipelines are usually laid 
from 18 inches to 38. inches underground. Unless 



there is a more or less continuous downward 
slope, oil will notflow through pipelines imaided. 
Therefore, pumping (booster) stations must be 
installed at intervals. (See fig. 12-3.) A pump- 
ing or booster staUcxi consists of suitable storage 
tanks, motive power, and pumps for pumping 
the oil along the line. The frequency of booster 
pump stations required in a fuel transmission 
pipeline is influenced primarily by the topog- 
raphy of the country through which the line 
passes, the viscosity of the fluid being pumped, 
the rate of flow of the fluid, and the safe working 
pressure to which the transmission line may be 
subjected. The average distance between stations 
is 40 miles, but in rugged, hiUy cotmtry, the 
stations may be spaced every 15 to 20 miles; and 
in flat country, the distance may be 60 miles or 
more. Telephone equipment is usually installed 
at pumping, stations, with portable sets at desired 
points along the pipeline route. Flow control 
equipment is shown in figure 12-4. 

Seamless and electrically welded pipe, cap- 
able of withstanding 1200-po\md operating pres- 
sure, is in general use today. Commercially, 
lengths of pipe are 30- to 40-feet long. For 
military portable service, light weight pipes 
from 4 to 6 inches in diameter are commonly 
used. In this case, the lengths of pipe are 
standardized to 20-foot lengths. 

Pipelines, when laid underground are nor- 
mally coated with a coal tar base enamel, or 
other protective substance, and wrapped with a 
protective material. This is done to protect the 
pipe from the corrosive elements of the earth in 
which they are buried. 

Capacity 

The capacity of petroleum pipelines is deter- 
mined by the size of the pipe, the physical char- 
acteristics of the oil, temperatwe, pumping 
pressure on the line, and topography of the 
country through which the pipelines are laid. 

A6-lnch pipdine passing through fairly level 
country at a moderate temperature, and having 
booster pumps at 40-mlle Intervals with 1000 
pounds pressure on the line will deliver about 
15,000 barrels in 24 hours. Under the same con- 
ditions, an 8-inch line with 1,000 pounds pres- 
sure will deliver 25,000 barrels; and a 10-inch 
line under 1000 pounds pressure will handle 
47,500 barrels of oiL 

Laying Pipelines 

Tn laying p^llnes, consideration must be 
given to distances to be covered, elevations. 
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Figure 12- 3. -Pipeline pumping station. 
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topography traversed, the condition of the soil, 
and cros8ings--8uch as those across streams—, 
which must be made. 

If no natural depressions occur, a trench is 
excavated. The pipe is then lal4 out, and coup- 
lings installed* The quick-t]npe groove couplings 
furnished for military pipelines are easily in- 
stalled and pulled tight by two-man teams. With 
several teams installing and tightening cou- 
plings, the line is completed as rapidly as the 
pipe can be laid. After pipes have been joined, 
they are lowered into the trench. The trench 
may or may not be filled in. 

After lines are laid, they musi. be tested. 
First, a scraping device, known as a go-devil , is 
forced by flow of liquid through the line to ensure 
that there are no obstructions. Water is then 
pumped through the line at a pressure higher 
than that to be used for moving petroleum prod- 
ucts, in order to test for leaks in piping and 
for defective joints. 

Camouflaging Pipelines 

In planning the course of pipelines in combat 
areas, advantage is taken of all possible natural 
growth. All natural depressions in the earth, such 
as roadside ditches, are utilized. If pipeline 
trenches are not filled in, dirt is banked along 
both sides of the pipe to eliminate pipe shadow, 
or the entire line is camouflaged painting. 
Tanks and pumps used in connection with pipe- 
lines are frequently set in recessed pits, in- 
stalled under natural cover, or disguised by the 
use of garnished nets. 

Offshore Pipelines 

Pipelines may be laid on the ocean bed so that 
tankers can load and discharge offshore. In this 



way, tankers moored at a sea berth can receive 
and discharge their cargo directly from and to 
tanks on shore. 

Several methods for installing submerged 
lines are feasible. Hie method used depends upon 
the type of bottom present, the personnel and 
equipment available, and upon wave, tide, and 
wind conditions. 

In one method, woodm ramp is laid on the 
beach either at right angles to the shore line or 
in the direction the offshore line is to take. The 
ramp is constructed of two lines of timbers 
made fast with stakes, as shown in figure 12-5. 
The timbers support rollers made of 2- or 3- 
inch pipe held in place by wooden blocks. The 
end of the ramp is allowedto extend to low water 
so that sections of pipe pxished from the ramp 
will float. The ramp extends to a point on the 
beach vhere it is easy to place sections of pipe 
on it. 

A hose adapter is welded on the end of the 
first pipe anc! a blind flange bolted on for water 
tightness. Additional lengths of pipe are then 
welded on and pushed along the ramp into the 
water, continuing imtil the pipe is of sufficient 
length to reach the prqper point. 

Some pipes require an occasional oil drum 
for support but others float without support. The 
end of the line can be guided by a small skiff in 
a calm sea. Under more adverse conditions, an 
anchor and buoy can be placed in line with the 
pipe and a connection can be made to pull the 
end in the right direction. 

In the next step, thecargo hose, with ship end 
connections, is taken out on a raft and connected 
to the end of the floating pipeline and to a marker 
buoy. The weight of the pipe after it is filled 
with oil may be sufficient to hold it in position. 
If not, anchors are used. These consist of a pair 
of fabricated concrete blocks with 1-inch iron 
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Figure 12*4.— Flow control equipment. 
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Figure 12*5.— Installing offshore pipelines. 



stirrups cast into the concrete to provide con- 
nections for a 1/2-inch chain that is used to tie 
down the pipes. 

The general layout of fueling connections is 
set up so that the lines fan out to present the 
connections in line with the side of a ship moored 
in the fueling berth. The direction and location 



of the fueling berth will depend on the prevailing 
winds and currents. If fuel oil, dies el oil, and 
gasoline lines are all installed, the fuel oil line 
is usually located in the center, with the diesel 
oil line toward the moorings or stern, and the 
gasoline line toward the bow because tankers 
usually carry their gasoline in the forward tanks 
and their diesel oil aft. Submerged pipelines are 
kept filled with petroleum products. When tank* 
ers are ready to load, the product to be loaded 
is pumped into the tanks by a pumping station 
at the shore end. 

Prevention of Product Commingling 

Three precautions are necessary to prevent 
the commingling of petroleum products moved 
through pipelines: 

1. Before pipeline transfer hi started, it 
must be determined whethe^^ the product 
already in the line is satisfactory for in* 
elusion in the cargo to be moved. 

2. Multi-product pipelines rmvl be properly 
flushed and cleaned. 
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3. Prcqper blindlng-off of connection lines 
and correct valve control must be ensured 
during transfer. 



TANK CARS 



turret provides for escape of such vapors in case 
pressure becomes excessive. Cargoes are 
usually discharged through an outlet at the bottom 
of the tank, although they may be discharged 
through the dome, (See figs. 12-7 and 12-8.) 



Tank cars are used primarily for land trans- 
portation of finished products where pipelines 
and waterways do not exist. Because this method 
of transportation is relatively costly, it is used 
by the petroleum industry less extensively than 
other methods of transportation. During World 
War n, however, when reliance had to be placed 
on overland movement of petroleum, tank cars 
were pressed into service. Tank cars, usually 
used for short-haul service, were brought from 
all comers of the Nation and were placed in 
long-haul service to the east coast and later to 
the west coast. Thus, the tank car has been 
termed the trouble-shooter of petroleum trans- 
portation facilities in times of adverse weather 
conditions, pipeline limitations, and other con- 
tingencies. 

Physical Features 




87.40 

Figure 12-7.-Unloading tank car through 
the bottom. 



A tank car is a metal cylindrical tank 
motmted on an underframe. This tmderfram^ is 
fitted with axles and wheels that run on rail- 
road rails. (See fig. 12-6.) Tank cars vary in 
size and detail of design but can be readily rec- 
ognized, not only because of their cylindrical 
shapes, but because of their domes or turrets, 
edacities range from 6,000 to 14,000 gallons. 

Bulk cargo is charged to the tank through a 
connection on the turret. The turret also pro- 
vides space for expansion of oil and for vapors 
which may accumulate. A blow-off valve in the 
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Figure 12-6.-Tank car. 
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Figure 12-8.-Unloading tank car through 
the dome. 

Various modifications of the tank car design 
have been evolved to suit the needs of varied 
types of petroleum and petrolexun products. Some 
tank cars are designed with steam heating coils 
for reducing the viscosity of products such as 
asphaltg and some fuel oils. Compartmented 
cars are designed to carry two or three grades 
ot products simultaneously, bisulated cars are 
used for shipping very volatile petroleum prod- 
ucts. The tanks ofthese cars are covered with an 
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Insulating material (hairi felt, or cork) andhave 
an additional oiitside sheathing of metal. 

Hazards of Loading Tank Cars (Gasoline) 

The greatest potential danger in loading gaso* 
line or other volatile oils into tank cars is from 
fire resulting from the release and possible 
ignition of flammable vapors. Howeveri fires at 
tank car loading racks are not the greatest 
source of accidents. The car loader is exposed 
to the danger of clipping and falling, to strains 
and asphyxiation, and it is from these causes 
that most accidents at tank car racks occiu*. 

Transfer Operations 

When oil is loaded into tank cars in large 
quantities, loading racks are employed. A pipe- 
line is constructed, paralleling the railroad 
tracks at one side, and elevated afewfeet above 
the tops of the turrets. Connections are provided 
at intervals, conforming with the standard length 
of cars. In this way, an entire train of cars can 
be loaded simultaneously. 

To unload bulk petroleum products from tank 
cars, thefaraincrewmustspotthecar accurately, 
bringing the dome opposite the unloading con* 
nection in such a manner that the connection will 
not be strained* Jt the car is not spotted at the 
proper location, it may be moved to the desired 
spot by use of a iBampson bar. 

When the tank car has been properly spotted, 
the following steps are taken, preparatory to 
making unloading connections: 

1. The brakes of the car are set and the 
wheels blocked so that the car cannot move and 
break connections during the unloading opera* 
tions. 

2. Signs bearing the words STOP->TANK 
CAR CONNECTED -are placed midway between 
the rails at the open end or ends of the tank on 
which the car is spotted. 

3. The storage tank intowhichthetankcar is 
to be unloaded is gaged to make sure that it will 
hold the quantity intended for it. 

4. Shipping numbers are checked to enswe 
that the proper pr^uct is being delivered. 

5. Groiuiding connections are made. 

TANK TRUCKS 

Although truck transportation of bulk petro* 
leum products was well established by the ad* 
vent d! World War n, it received a tremendous 



stimulus during the war as means were sought to 
free tank cars for long distance movement to 
replace ocean tankers. 

From war experience, shippers realizedthat 
tank trucks had a definite economic place in 
short-haul movements for the following reasons: 

1. Faster turn-around time is possible. 

2. Less expensive loading installations are 
required for truck transport than for other 
means of transportation. 

3. Delivery by truck transports can be made 
direct to large consumers, by--passing bulk 
plants, and thus eliminating double handling. 

4. Truck transportation provides greater 
flexibility because movements do not have to be 
planned in accordance with train schedules.' 

A tank truck loading platform at a commer- 
cial gasoline storage terminal is shown in figure 
12*9. 

In military operations, highway transporta- 
tion is characterized by its great flexibility and 
adaptability to changing tactical conditions. 
Thus, in transporting petroletmi products in 
advanced areas, the motor vehicle provides a 
very adequate solxition to the transportation 
problem presented when neither pipelines nor 
railroads are available, or where tactical con- 
ditions do not warrant the use of these means. 

Physical Features 

There are various types and sizes of tank 
trucks and trailers used to transport petroleum 
products. One type is shown in figure 12*10. 
Commercially, 6000 to 8500-gallon tank trucks 
are used extensively although larger units are 
in use in some parts of the country. At military 
stations, 750 -gallon tank trucks and3500*gallon 
semitrailers are commonly used as refuelers. 

Safety in Transfer Operations 

In transferring gasoline to or from tank 
trucks, it is of special importance that all safety 
measwes be observed. Tlie same general pro- 
cedure is followed as in the transfer of gasoline 
to or from tank cars. The American Petroleum 
Institute has issuedan accident *prevention man- 
ual on Safe Transportation of Petroleiun Prod- 
ucts by Tank Truck (Accident-Prevention Manual 
No. ll> March 1942). 

Precautions Against Product Contamination 
(Tank Cars and Tank Trucks) 

Precautions to prevent product contamination 
must be taken in loading both tank cars and tank 
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Figure 12-9.*- Tank truck loading platform at a commercial 
gasoline storage terminal. 
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Figure 12-10.— Tank truck. 



trucks. Improper interior condition of tank cars 
and tank trucks is a primary source of contami- 
nation when petroleum products are transported 
in such containers. Serious conditions may re- 
sult: (1) ^^A^en a container has previously trans- 
ported a product other than that to be loaded 
and has not been emptied completely; (2) when a 
previously transported product is of a non- 
evaporating nature and adheres to the walls or is 
absorbed in the scale formation; and (3) when an 
appreciable quantity of loose or loosely adhering 
scale is present. 

Each tank car and tank truck' must be in- 
spected by a qualified individual, particularly the 
condition of the interior prior to loading. When 
inspection reveals the interior of the container 
is not in a condition which is satisfactory for the 



product to be loaded, the tank car or tank truck 
is rejected and submitted to cleaning or placed 
in service for a product for which it is suitable. 

Attention must also be given to outlet and 
safety valves to ensure that they are properly 
seated and in operable condition. In the case of 
tank trucks, it must be assured that the mani- 
fold has been completely drained of the product 
which it has previously contained. 



TANK BARGES 

Tank barges used to transport petroleum 
short distances ortoprovidetemporaryor semi- 
permanent storage. They may be towed or self- 
propelled. (See fig. 12-11.) 

The average barge has a capacity of from 
6000 to 10,000 barrels. Some barges are con- 
structed to handle cargoes of two or more types 
of petroleum products. Cargoes of petroleum 
products, except lubricating oil^, are loaded 
through pipelines in the conventional manner. 
A sample is taken for identification tests upon 
starting to load and another sample is taken when 
the barge is approximately three-fourths loaded. 
The same general procedure must be followed 
for the proper control of barge operations as is 
followed with tanker cargoes. (See ch. 13.) 
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Figure 12-11 



Lubricating oils are loaded fhroughspecial pipe- 
lines in order to avoid contamination. 

The following are the principal uses of tank 
barges: 

1. For bunkering vessels which are docked 
at some points where bunkers are not available. 

2. For tr ansportingpetroleum products to or 
from terminals where bunker operations of 
ocean-going vessels are limited by the depth 
of water. 

3. For inter-refinery movements of petro- 
leum products where water suitable for barge 
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navigation is available and there are no pipe 
lines between the refineries. 

4. For topping off partially loaded ocean 
tankers where the expense of docking the tanker 
would be excessive or docking would be im- 

- possible due to the depth of the water, tide, 
and wind. 

5. For transportation of petroleum products 
between points located on navigable bodies of 
water where such transportation is cheaper 
than the cost of tank car operation. 
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TANKER OPERATIONS 



SHIPS' CHARACTERIST3.es 

Tankers and fleet oilers are designed to 
carry and deliver liquid cargoes with safety 
and speed. The structural layout of tankers is 
varied--*their type, size, and arrangement being 
dependent on the requirements they are built to 
meet. However, there are certain characteris- 
tics which most tankers and fleet oilers have 
in common. (The term Tanker" in this chapter 
refers to both MSTS tankers and fleet oUers 
unless otherwise indicated.) 

Appearance.— In general, the modern tanker 
is characterized by the ''tturee-island" type of 
construction—poop, bridge, and forecastle— with 
the propulsion machinery located aft. The ap- 
pearance of a typical tanker is shown in figure 
13-1. Owing to the relatively low freeboard, 
the main deck is frequently awash when fully 
loaded. 

Cargo Spaces.— Much of a tanker hull is 
devoted to the carrying and handling of liquid 
cargo. The cargo space is divided into tanks 
by longitudinal and transverse bulkheads. These 
tanks are separated from the fore and aft parts 
of the ship by cofferdams— empty compart- 
ments having liquid-tight bulkheads on both 
sides. 

Pipeline and Valve System.— A pipeline and 
valve system controls the flow of liquid cargo 
during loading, while underway, and in dis- 
charging. When loading the cargo is pumped or 
gravitated from the shore to the ship. In dis- 
charging pumps aboard ship push the cargo 
ashore or to receiving ships. An efficient pump- 
ing system is essential to commercial tanker 
operation. 

Heating Coils.— In order to pump cargoes 
of heavy oil satisfactorily, it is necessary to 



preheat the oil by means of heating coUs in the 
tanks. Provision for connecting such coils is, 
therefore, another important tanker character- 
istic. 

Vent Lines.— Agitation or heating of petro- 
leum bulk cargoes results in the forma m of 
gases. If these gases are imable to escape to the 
atmosphere, undue stresses maybe set up within 
the tanks and a rupture in the shell plating might 
result. Therefore, tankers must have some 
means of venting these gases. Conversely, upon 
cooling, vapors or gases inside the taidc con- 
dense, creating a vacuum which can be relieved 
by the intake of air to pr event the possible buck- 
ling of plates. Vent lines are connected to each 
hatch and eachline is usually fitted with a vacuum 
relief valve. These vent lines in t\u:n are con- 
nected to headers whicharecarriedup the masts 
and are fitted with flame arresters at the top. 
The vacuum relief valves are normally set to lift 
at a pressure of 2 poiuids per square inch on the 
pressure side and a pressure of 1 pound per 
square inch on the vacuum side. 

Safety Specifications.— Because of the con- 
stant risks of explosion and fire inherent in 
tanker operation, all tankers must meet rigid 
safety requirements which providefor expansion 
trunks over oil compartments; isolation of cargo 
spaces from machinery spaces, machinery boil- 
ers, and galleys; ventilation of oil spaces, cof- 
ferdams, pump rooms, and other spaces; pump- 
ing arrangements; and electric lighting systems. 

The U.S. Coast Guard promulgates regula- 
tions governing safety at sea for U. S. flag tank 
vessels engaged in commercial service andcar- 
rylng flammable or combustible liquid cargo in 
bulk. These regulations cover luch matters as 
inspection and certification; requirements for 
hulls, machinery, and equipment; and operation 
(including general safety rules and rules for 
cargo handling). 
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Figure 13-1.— Tankers are generally characterized by the 
"three-island'' type of construction. 
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Fire-fighting Equipment-The deck fire- 
fighting equipment includes the usual steamship 
equipment such as fire hoses, axes, buckets, 
and hand extinguishers. Most tankers are also 
equipped with a steam smothering system in the 
cargo tanks and pump rooms. A steam main 
leads from the ship's auxiliary steam line in 
the boiler room, with a master valve in the upper 
part of the boiler oom. The smothering main 
line then lead/3 forvvurd along the deck with a 
branch for each ^i^ilank, cargo tank, and coffer- 
dam, and to the forward holds, pump room, and 
other spaces if necessary. The sizes of the 
branch lines vary from 3/4 of an inch for the 
small spaces, to 2 inches for the large tanks. 
A CO2 (carbon dioxide) fire extinguisher system 
may also be provided for protection of cargo 
tanks, fire room bUges, and electrical machin- 
ery. 

Principal Types of Tankers 

Types of tankers are broadly referred to 
according to their class. They are designated 
in a certain class depending on their deadweight 
tonnage (DWT). The DWT is the weight, in tons, 
of cargo and necessary fuel and stores which 
the vessel can carry at her load draft. Some- 
times one design is used for a group of tankers. 



in which case the tankers in that group are 
referred to as being in the class of the first 
tanker of the group (e.g. USNS Maumee class, 
the SS Eagle Voyager class). Other classes are 
designed by the Maritime Administration and 
have a T in the designation (e.g. T2, T5, etc.). 

Table 13-1 presents data on several types 
of tankers. Gradual improvements in hull design 
and in proptilsion machinery have made possible 
the useful operation of tankers of increased 
size and speed. 

Cargo Tanks, T2 Tanker 

The compartment arrangement of tanks in a 
T2 tanker is shown in figure 13-2. Twin longi- 
tudinal bulkheads and 10 transverse bulkheads 
(exclusive of cofferdams) are provided, making 
3 tanks abreast, with the exception of No. 1 iank 
which possesses a centerline bulkhead diviVJing 
the tanks into port and starboard compartments. 
This makes a total of 26 compartments* 

Hatches for access to the tanks are usually 
circular in shape. Covers are the hinged-plate 
type, fitted with hemp and asbestos or neoprene 
gaskets to make them oil-tight. Ullage sounding 
holes which are holes approximately 8 inches in 
diameter, fitted with hinged covers are normally 
installed in the hatch cover, as shown in figure 
13-3. 
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Table 13-1.-Types of Tankers 



Design 


Length 
Overall 


Beam 


Draft 


Rated 
Speed 


Cargo Capacity (bbls) 
(98% by volume) 


T1.M.A2 


311 


49 


15'6" 


12.5 


16,000 


T1-M-BT2 


325 


48 


19'2" 


10 


31,000 


T2.SE.A1 


524 


68 


30'2" 


14.5 


138,000 


T5-S-12a 


620 


83 


32'0" 


18.5 


186,000 


20,000 DWT 


572 


75 


30'3" 


14.0 


169,000 


26,500 DWT 


627 


84 


33'0" 


19.0 


200,000 


29,000,DWT 


645 


85 


33'2" 


16.5 


250,000 


32,000 DWT 


666 


84 


35'0" 


18.0 


259,000 


35,000 DWT 


676 


93 


34'9" 


16.7 


288,000 


46,000 DWT 


736 


102 


38'6" 


16.5 


367,000 


67,000 DWT 


860 


104 


43'6" 


16.7 


548,000 


106,000 DWT 


940 


132 


49'4" 


18.3 


892,000 



The T2 tanker is designed to carry from a 
single petroleum product up to preferably not 
more than three different grfiules of petroleum 
products. The latter is made possible by the 
three-cargo-line system. (Some tankers have a 
piping system modified so that an additional 
number of products can be carried on a single 
vessel.) A T2 three-cargo-line system can be 
loaded with different grades of petroleum prod- 
ucts because of the separate cargo, lines and 
pumps for tanks No. 1 through 4; for^ tanks No. 
5 and 6; and for tanks No. 7, 8, and 9. 

Cargo Line System, T2 Tanker 

The three-cargo pipeline and valve system of 
a T2 tanker is shown in figure 13-4. For pur- 
poses of simplicity, only the pipeline serving 
tanks No. 1 through 4 is discussed. It can be 
seen that this line runs along the deck and along 
the bottom of the ship, through all of the tanks. 
The pipe line on deck is connected to the pipeline 



at the bottom of the tanks by vertical lines fore 
and aft. 

Bulk petroleum may be loaded through the 
pipe directly above tank No. 2, or it may be 
loaded above tank No. 5. In the latter case, the 
product goes through the pipeline along the deck, 
down the vertical pipe (aft), bypassing the pumps, 
to any or all of tanks No. 1 through 4. In dis- 
charge, the cargo from tanks No. 1 through 4 
would be pumped through the pipeline along the 
bottom of the ship, through the pump room, and 
out-dlrectly above tank Na 5. 

Note that the pipeline for tanks No. 1 through 
4 runs through the center tanks. Spurs projecting 
into the side tanks are fitted through the longi- 
tudinal bulkheads. Thus, a fluid under pressure 
in the main line can be Introduced into each side 
tank. 

Cargo Valves, T2 Tanker 

The route of the cargo is controlled by valves 
operated manually on deck or in the ptmip room. 
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Figure 13-2.*Three cargo arrangement of T2 
tanker. There are separate cargo lines and 
pumps for tanks No. 1 through 4; for tanks 
No. 5 and 6; and for tanks No. 7, 8, and 9. 



Because a turn of the wrong valve can result in 
contamination of an entire cargo, the handwheels 
on deck (which operate the valves in the cargo 
tanks) are painted various colors for identifica- 
tion. There are five types of valves, each operat- 
ing on a different principle. These types are 
indicated in figure 13-4 and described briefly 
below: 

1. Gate valves operate by means of a gate 
which slides across the opening through which the 
liquid passes. 

2. Globe valves operate by means of a hori- 
zontally mounted disk which is pressed towards 



the circular seat opening to regulate the flow of 
liquid. When the disk comes against the seat 
opening, the shut-off is complete. 

3. Check valves contain a free-moving 
mechanism designed to prevent backflow through 
the valve. 

4. Relief valves open at a given pressure and 
seat when the pressure drops below the valve- 
setting pressure. They permit passage of the 
product through the valve. These valves usually 
operate by spring control. 

5. Cross-over valves are designed with 
three openings instead of two and are placed at a 
junction of two pipelines to allow the liquid to 
flow through one, the other, or both of the lines, 
as desired. (Cross«over valves must be care- 
fully watched to prevent commingling when car- 
goes of more than one grade are carried.) 



Stripping System, T2 Taiiker 

The stripping system, not shown in figure 
13-4, enters each compartment. As in the cargo 
system, the lines are located near the bottom of 
the tank. This system is designed for stripping 
the tanks dry of ballast or cargo but can be used 
for loading if check valves are removed. 
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Figure 13-3.-Deck of T2 tanker showing tank 
hatch cover and ullage sounding holes: (1) 
ullage plug, (2) tank top, (3) tank top ratchet 
wrench, and (4) tank top lifting screw. 
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Cargo Pumps, T2 Tanker 

Most T2 tankers have three main cargo 
pumps, one for each cargo system. These are 
centrifugal pumps which give thrust to the liquid 
they are pumptag. Each main pump is capable 
of pumping 2,000 gallons per minute. 

T2 tankers also have three-cargo stripping 
pumps. Two of these are motor«driven gear- 
type pumps. Each has a capacity of 400 gallons 
per minute. The third cargo stripping pump Is 
steam-driven and has a capacity of 700 gallons 
per minute. 

SHIPS' LOADING FACTORS 

The master of a merchant vessel or the 
commanding officer of a fleet oiler prepares the 
loading plan for his vessel. Reference herein- 
after will be made only to the "captain" of 
the ship— which Is used to include both masters 
and commanding officers.) In preparing the 
loading plan, he must consider the loading 
factors discussed In the following paragraphs. 

Tonnage and Capacity 

The following terms are used with reference 
to a ship's loading capacity: 

1. Gross Tons.-The entire Internal cubic 
capacity of the ship expressed In units of 100 
cubic feet to the ton, less certain exempted 
spaces (such as tanks for water ballast). 

2. Net Tons.-The registered tonnage of a 
ship after certain deductions have been made 
from the gross tonnage, eicpr eased in tons of 
100 cubic feet. Among the deductions are crew 
spaces, navigation spaces, and the like. 

3. Deadweight Tons.— The carrying ci^aclty 
of a ship in tons of 2,240 pounds; the difference 
between light displacement and loaded displace- 
ment. \ 

4* Light Displacement.— The weight of the 
ship excluding cargo, passengers, Aiel, water, 
stores, and other Items which are necessary for 
use on a voyage. 

5* Loaded Displacement. — The weight of the 
^*Mp including cargo, passengers, ftiel, water, 
stores, and the like, which brings the vessel 
down to her load draft. 

6. Cargo Deadweight Tons.-The number of 
tons (2,240 pounds per ton) which remains after 
deducting ftiel, water, stores, and other such 
Items necessary for use on a voyage, from the 
total deadweight of the vessel. 



7. Barrel Capacity. -Cubic capacity ex- 
pressed In barrels of 42 gallons (5.61 cubicfeet). 
Barrel capacity Is used to give a constant 
measurement since the weight of various Uquldn 
varies with the specific density of the liquid. 
For example, a ton of criule oil would occupy 
less space than a ton of gasoline. 

Load Line 

The load line is the line defining the maximum 
mean draft to which a vessel may be lawfully 
submerged. It Is the lower limit of the freeboard 
for various conditions and seasons. (Freeboard 
Is the distance measured vertically downward at 
the side of the vessel amidships from the upper, 
edge of the deck line to the upper edge of the load 
line.) 

Load lines, established by proper authority, 
must be permanently and conspicuously marked 
on the vessel by the load line disk, shown In fig- 
ure 13-5. The disk Is marked amidships below 
the deck line. The lines whlchindlcate the maxi- 
mum load line in different circumstances and in 
different seasons are horizontal lines. The ab- 
breviations used are as follows: 

S— Simimer load line 

W-Wlnter load line 

WNA- Winter, North Attantlc load line 

T-Troplcal load line 

F-Fresh-water load line 

TF— Tropical fresh-water load line 

The authority by whom the load lines are 
assigned may be Indicated by letters marked 
alongside the disk and above the centerllne; for 
Instance, A— Bfor American Bureau of Shipping. 
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Figure 13-5— Load line markings. 
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International Load Line Certificatesi issued 
by the Coast Guard, certify to the correctness 
of the load line mark. 

Draft 

The draft marks painted on either side of the 
bow and stern of a tanker indicate the depth to 
which the bow and stern arie immersed. The 
draft marks, in conjunction with an immersion 
scale, indicate how many tons of cargo are re- 
quired to immerse the ship 1 inch at any draft 
according to the deadweight scale on the ship's 
plan. 

Trim 

Trim is the longitudinal deviation of a vessel 
from her designated waterline at a given draft. 
The captain of ashiptrimsavesselby arrang^g 
the weights in such a manner as to obtain 
desired immersion at the bow and stern. Trim 
tables or calculators may be used to compute 
quickly the effects on draft and trim caused by 
any selected distribution of weights throughout 
a loaded tanker. 

Sag and Hog 

Sag is that form of longitudinal deformation 
tmder stress in which the middle part of a ship's 
structure sinks below the extremities. Con- 
versely, hog is the conditionwhereinthebowand 
stern are lower than the midship section. These 
conditions are illustrated in figure 13-6. 

A tank vessel normally loaded will have a 
tendency to sag. This sagging is a result of the 
weight of the cargo in the tank section of the 
vessel. It will be most noticeable near the longi- 
tudinal center of the ship and may result in 
excessive stresses if the weight is concentrated 
in the longitudinal center of the cargo tank 
section. Sag also reduces the freeboard. It the 
freeboard is reduced by sag, the amount of 
cargo that can be carried«-in compliance with 
load line requirements— is reduced. 

Sagging can, at least in part, be eliminated if 
the weight is distributed in the end tanks with a 
corresponding reduction of the weight in the cen- 
ter tanks. Care in selecting the initial tanks to 
load—so that there will not be accmcentrationof 
w^g^t in any section d the vessel— may also 
reduce sag. 

A tank vessel in a light condition has a tend- 
ency to hog. This condition is the result of the 
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Figure 13-6.<-Sag and hog. 



weight of the stern section of the ship and of the 
normal weight of the forward end of the vessel. 
Under this condition, the center section of the 
ship largely carries the resulting stresses. 
These stresses, which are usually excessive, 
can be avoided a Jtjdicious equalization of the 
weight in the ship. Such equalization is attained 
by proper loading, and ballasting. 

Tables for estimating the longitudinal stress 
induced in vessels in loaded and ballast condi- 
tions have been developed and are widely used 
throughout the tanker industry. 

Ballast Layout 

The amount and distribution of ballast con- 
tributes to a tanker's seaworthiness, maneuver- 
ability, and trim. Ballast also controls vibration 
by counteracting the stresses set up in the hull 
Yiy unequal distribution of weight. In planning 
ballast layout, ballast tanks are selected to effect 
even distribution of weight throughout the hull, 
but must conform to the tank cleaning and in- 
spection schedule. 

Maximtim Tobnage to Be Loaded 

As previdusly stated. Load-line Regulations 
establish the line above which vessels cannot be 



14S 



FUNDAMENTALS OF PETROLEUM 



ERIC 



loaded. Loading above this mark constitutes a 
safety hazard. Therefore, maximum tonnage to 
be loaded must be calculated accurately. The 
steps in this procedure are as follows: 

1. The draft to which a vessd can be safely 
loaded (summer draft, tropical, fresh water, 
etc.) is ascertained. 

2. In case of loading in a river, the water of 
which may be of a variable specific gravity, the 
gravity is obtained by means of a hydrometer and 
the ship's allowance is checked according to 
tables provided for this purpose. 

3. Cargo deadweight tonnage is determined 
by deducting the stun total of bunkers, water, and 
stores from the ship's deadweight tonnage. This 
quantity, expressed in long tons (2,240 pounds), 
is the allowable weight to be carried. However, 
it does not necessarily mean that the volume of 
the oil which the ship can carry agrees with the 
weight the ship is legally allowed to carry. 

4. The space the cargo will occupy, in pro- 
portion to the weight allowed, is then calculated. 
This is done by referring to tables provided, 
using the gravity of oil to be carried and the 
number of barrels per long ton. Available cargo 
space must then be checked to make sure that 
the ship can accommodate the scheduled cargo. 

5. Sufficient space is then allowed— in pro- 
portion to the possible space required for the 
cargo-for cargo e^ansion, in the event that the 
tanker may enter regions where the temperature 
may exceed that of the oil loaded at the loading 
port Tables are provided for use in deter mining 
the cargo expansion allowance. 



CARGO HANDLING 



Cargo Layout 

In planning the cargo layout, the captain 
considers the loading factors discussed in the 
foregoing sections, and plans the cargo layout 
so that product contamination does not occur 
as a result of commingling. If the tanker is 
to load a full cargo of single grade product, 
the problem is relatively simple; but, if the 
tanker is to load more than one product, the 
problem is complex 

The ciqptain bases his plan on his knowledge 
of the properties of the several products to be 
loaded, keeping in mind the tanker's structural 
plan— tank arrangement, bulkhead separation, 
type of valves, and cargo lines. In the case 



of split cargoes, the captain's loading plan is 
reviewed by a petroleum inspector who is the 
Department of Defense technical representative 
in port matters pertaining to petroleum prod- 
ucts. As previously mentioned, basically, a 
T2 tanker is designed to carry three different 
grades of petroleum products. If more than 
three products are carried in a T2 tanker, 
there is a possibility of commingling which may 
or may not be harmful, depending on the grade 
of products handled. 

The proper loading of a T2 tanker with three 
grades of products has been shown In figure 
13-2. In this loading plan, the tanks for each 
grade of product conform to the cargo pipeline 
arrangement. Therefore, double valve separa- 
tion exists in the lines between the different 
grades of products. If this plan is not followed, 
the three cargoes will be separated only by 
single valve separation between tanks. As a 
result, commingling from leakage is possible. 

When only two grades of petroleum products 
are loaded on a T2 tanker, three loading arrange- 
ments are possible. These are shown in figure 
13-7. 

In the first arrangement, the bulkhead be- 
tween tanks No. 6 and 7 separates the two 
grades. In the second, the bulkhead between 
tanks No. 4 and 5 separates the two grades. In 
the third arrangement, the bulkhead between 
tanks Na 6 and 7 separate the two grades of 
cargo. 

When split cargoes are scheduled, it is pre- 
ferable to load and discharge the split combina- 
tion at a single docking or terminal. In this 
way, trim does not become a serious considera- 
tion. Jt two grades of cargoes can be loaded at a 
single docking and discharged under similar 
conditions, either of the first two arrangements, 
shown in figure 13-7, is preferable. However, 
if loading and discharging cannot be accomp- 
lished at a single docking, and either of the first 
two loading plans is employed, ballasting be- 
comes necessary for proper trim. Therefore, 
when loading and discharging at a single docking 
is not possible, the third plan is preferable. 
It can be seen if tanks No. 5 and 6 are loaded 
first, the tanker will have sufficient trim to 
move from one terminal to another without the 
need of ballast The third plan, however, has 
a distinct disadvantage in that there are two 
possibilities of bulkhead leaks-*between tanks 
No. 4 and 5, and between tanks Na 6 and 
7. 
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Figure 13-7.— Three possible arrangements for loading split cargoes when only 
two grades of i^etroleum products are involved. 



Cargo Heating 

Certain cargoes, particularly heavy fuel 
oils, and some lubricating oils, require heat- 
ing for the oil to flow freely in pumping and 
stripping. Current instructions require that 
MSTS tankers equipped with heating coils nor- 
mally arrive at most discharge ports with 
Navy Special Fuel Oil cargoes heated to 100° F| 
or as close thereto as practicable. MSTS 
tankers carrying Navy Fuel Oil Grade Heavy 
cargoes are required to arrive at all discharge 
ports with the oil heated above 100° F, but not 
in excess of 120° F. Lubricating oils of medium 
viscosity require heating to approximately 
100° F| and more viscous grades up to 120° Ffor 
good pumpabUity. 

When heating of any cargo is required, eare 
mtist be taken to ensure that the prescribed 



tenqperatures are at no time exceeded. Lub« 
ricating oils in particular deteriorate through 
the application of excessive heat. Also, ex« 
cessively high temperatures increase the pos« 
sibility of vapor lock in pumps which, in turn, 
may delay the operation of unloading. 

On short voyages of 5 days or lessi the 
most economical procedure is to keep the 
cargo heated throughout the voyage. On longer 
passages, the cargo may be allowed to cool. 
Heating must then be started far enough in 
advance so that the cargo will be at the de- 
sired temperature for discharging. 

Cargo Transfer Procedwes 
at Terminal 

A summary of the major transfer procedures 
is presented in this section in order to give the 
overall picture of these operations. 
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Procedures Before Starting To Load or 
Discharge.-The captain consults with the ter* 
mlnal cargo superintendent to plan details of the 
operations. Before loading, the petroleum 
Inspector Inspects the ship's tanks and-ln case 
of split cargoes-the ship's loading plan. When 
discharging, the inspector samples the cargo to 
ensure that It meets specifications. 

The captain determines which valves, pumps, 
and lines are to be used. All valves are checked. 
Sea valves are closed and sealed. The coffer* 
dams and pump room bilges are inspected for 
possible leakage of cargo lines into these 
compartments. Pump room bilge suction valves 
are checked and sealed in a closed position 
throughout a discharge operation. Deck scuppers 
are plugged and cemented to prevent drainage 
of any oil spill into the water. Warning signs 
are displayed and other safety regulations are 
followed. Hose connections are made between 
the ship and shore. The terminal attendant is 
given a "stand-by'' order by the ship's loading 
officer. before transfer operations are started 
or stopped, and before any change is made in 
transfer rate once transfer operations have 
started. 

When the vessel and the terminal indicate 
they are ready to begin transfer, loading or 
discharging may begin. 

Procedures When Starting To Transfer.- 
The vessel's manifolds are opened under the 
direction of the officer in charge of loading. 
Transfer of cargo proceeds slowly until an 
inspection reveals that everything is in good 
order. Then the rate of transfer may be 
increased to the maximum safe speed prev- 
iously agreed upon by the captain and the 
terminal representative. 

Loading Procedures.— The officer in charge 
of loading, knowing the approximate rate per 
hour at which the terminal eJcpects to deliver 
cargo, checks at intervals the actual rate at 
which cargo is coming aboard. 

Usually tanks are filled to a level some- 
what lower than the final ullage, and then at a 
reduced rate to top oft each tank in turn. Great 
care is exercised in topping off because of the 
possibility of oil spills. 

Upon completion of loading, ullages and 
temperatures of all cargo tanks are taken. 
These are recorded in the ship's records. 

Discharging Procedures. — The vessel' s 
pumps are started, iq^iroprlate valves opened 



under the direction of the ship's cargo officer, 
and discharging commences. Stripping of some 
tanks ma^ be started while the main cargo 
pumps are still discharging cargo from other 
tanks. 

Before stripping is finished, the main cargo 
lines on deck and in tanks are drained to pre- 
vent oil from remaining in the vessel's lines. 
Hoses are drainedbefore connections are broken 
whenever possible. After the vessel has com- 
pleted discharging, tanks and cofferdams are 
inspected by ship's officers and by a petroleum 
inspector. Hoses are then disconnected. 

Precautions in Transfer Operations. ^During 
transfer operations, very rigid safety regula- 
tions must be followed: In addition, precautions 
must be taken against commingling and product 
contamination, against cargo shortages, and 
against harbor pollution. These precautions are 
discussed in siA>sequent sections. 

The classification of petroleum products as 
flammable or combustible, and the safe handling 
of these products have bem discussed in chapter 
10. Commissioned vessels are governed, for 
safety purposes, by regulations promulgated by 
the CMef of Na^ Operations, the bureaus 
concerned, and operational commanders. Safety 
regulations for MSTS tankers are prescribed by 
the Coast Guard and amplified by MSTS. All 
tanker personnel must be familiar with safety 
precautions sqjplicable to their ships. 

Coast Guard Classification 
of Products 

For the purpose of regulating tank vessels, 
the Commandant, U. S. Coast Guard, divides 
flammable and combustible liquids into the five 
following grades: 

Grade A: Any flammable liquid having a Held 
vapor pressure of 14 pounds or 
more; 

Grade B: Any flanmiable liquid having a Held 
vzpor pressure tmder 14poun«js and 
over 8 1/2 pounds; 

Grade C: Any flammable liquid having a Held 
vapor pressure of 8 1/2 pounds or 
less and a flash point of 80^ F or 
below; 

Grade D: Any combustible liquid having a 
flash point below ISO"" F and above 
80^ F; 

Grade E: Any combustible liquid having a 
flash point of 150^ F or above. 
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Based on the above classification, petroleum 
products may be roughly grouped as follows: 

Grade A: Caflinghead (natural) gasoltoe and 
very light naphtha; 

Grade B: Most commercial gasolines; 

Grade C: Most crude oils and some cut 
back asphalts (asphalt thinned with 
a volatile oil to make it fluid so 
that it can be used as a paint), 
creosote, benzol, toluol, alcohol; 
aviation gasoline Grade 115/145, 
JP-4 jet fuel. 

Grade D: Kerosine, JP-5 Jet fuel, light fuel 
oils, and a few very heavy crude 
oils; 

Grade E: Heavy fuel oils, diesel fuel, road 
oil, lubricating oil, asphalt, and 
coal tar. 

General Safety Precautions 

1. Matches.— Use of other than safety 
matches is forbidden on tank vessels at all 
times. 

2. Smoking. -Smoking is prohibited on the 
weather decks of any tank vessel when loading 
or discharging cargo, when gas-freeing tanks, 
or when lying at the docks of an oil terminal. 
The senior officer on each tank vessel should 
make his own rules for the guidance of the crew 
as to when and where smoking is permissible. 

S« Cargo Tank Hatches and Ullage Sounding 
Holes.-No tank hatch, ullage hold, or tank wash- 
ing plate shall remain open without flame 
screens, except under the supervision of the 
senior members of the crew on duty, unless the 
tank opened is gas free. 

4. Ftesh«*Air Breathing Apparatus.— On tank 
vessels where the distance from the deck to the 
bottom of the cargo tanks exceeds 15 feet, fresh- 
air breathing apparatus, including belt and life- 
line, is required. This apparatus, rather than 
an all-purpose gas mask, should be used when 
entering compartments. Cargo tanks which are 
not known to be gas-firee should not be entered 
by anyone not provided with and e^erienced 
in the use of this apparatus. 

5. Ventilation.— Engine rooms, living quar- 
ters, and other spaces where members of the 
crew normally may be employed, must be ven- 
tilated for protection of personneL Where 
mechanical means for ventilation are provided 
for pump engines, or other engine rooms, they 
must be turned on a sufficient length of time 



before starting engines to ensture the removal 
of possible flammable vapors. 

Safety Regulations for Transfer Operations 

Following are some of the Coast Guard 
regulations which apply specifically to loading 
and discharging operations: 

1. Handling of General Cargo or Stores.- 
Packaged goods, freight, and ship's stores shall 
not be loaded or discharged during the loading 
of flammable oils (grades A, B, C) without the 
permission of the senior deck officer. 

2. Warning Signs.— During loading and dis- 
charging, a warning sign is displayed con- 
spicuously at the gangway. This sign reads: 

DANGER 
No Open Lights 
No Smoking 
No Visitors 

3. Cargo Transfer Signals.— A redflag shall 
be displayed by day duringtransferofpetroleimx 
cargo at anchorage or dock. At night, an all- 
round red light shall be displayed when trans- 
ferring petroleum at a dock. 

4. Vessels Coming Alongside. -No vessel 
shall come alongside or remain alongside a tank 
vessel in way of its cargo tanks while it is 
loading Grades A, B, or C products without hav- 
ing permission of the officer -in -charge of the 
vessel which is loading. 

5. Galley Fires.— Galley fires are normally 
permitted during cargo transfer: Provided that 
prior to loading Grades A, B, and C cargoes, 
the senior deck officer 2ihaU make an inspection 
to determine whether in his Judgment galley 
fires may be maintained with reasonable safety 
during the loading operation. 

6. Boiler Fires.— Boiler fires are normally 
permitted during cargo transfer operations: 
Provided that prior to loading Grades A, B, and 
C cargoes, the senior deck officer shall make 
an inspection to determine whether in his Judg- 
ment boiler fires can be maintained with reas- 
onable safety during the loading operation. 

7. Over- All Loading.— Over -all loading 
(through open hatches) of Grades A, B, and C 
cargoes is prohibited. This restriction also 
applies to Grades D and E, with the exception 
of lube oils which may be loaded over-all when 
the cargo system does not lend iteself to the 
tise of pipe connections. Over -all loading is, 
however, an added danger and every protection 
must be taken. 
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8. Spill^.^If a cargo spill takes place during 
loading or discharging, transfer operations must 
be stopped. All necessary precautions must 
be taken to eliminate possible sources of vapor 
ignition. 

Precautions Against Contamination 

Major importance must be attached to train- 
ing and instructing personnel aboard ship to 
safeguard against contaminatiom 

Product contamination can occur as the re- 
sult of an improper loading plan. Careful plan- 
ning of cargo layout is a necessary precaution 
against commingling. Other precautions prior 
to loading include careful checking of tanks, 
lines, and pumps to ensure that they are suit- 
ably clean for receiving cargo; the testing of 
tank bulkheads, main and stripping lines, and 
valves for leaks; and the lining up of cargo valves 
with the greatest of care. 

Ballast is another source of product con- 
tamination. To prevent such contamination, 
the simultaneous transfer of cargo and ballast 
is prohibited except in an emergency* Cargo 
loading must not be started until the pumping 
of ballast is stopped and valves secured; con- 
versely, ballasting should not be started until 
the pumping of cargo is stopped and valves 
secured. 

The venting system and the steam smothering 
system are also sowces of contamination. The 
possibility of contamination through the venting 
system must be prevented by ensuring that 
pressure-vacuum valves are in operating con- 
dition. Similarly, the possibility of contamina- 
tion through the steam smothering system must 
be prevented by ensuring that check valves are 
in operating condition. 

Cargo hose connections to shore must be 
checked prior to transfer operations to prevent 
the transfer of cargo into the wrong cargo 
lines* 

To prevent water from seeping into tanks, 
tank tops and ullage, plate gaskets must be kept 
tight* 

Tank interiors should be coated for carrying 
clean products and must be coated for carrying 
JPrS Jet FueL Several acceptable coatings 
have been approved by the Department of De- 
fense. The primary purpose of tank coatings 
is to prevent tank corrosion and rust contami- 
nation of product* 



Precautions Against Cargo Shortages 

Careful ullage measurements are taken after 
loading is finished, prior to discharging, and be- 
fore and after every transfer of cargo. Cargo 
losses through carelessness must be prevented. 
Cargo may be lostthrough overboard discharges 
or sea suctions, spills, overflow at sea, leaks, 
and by displacement by water. Such losses can 
be minimized by attention to the following pre- 
cautions: 

1* Indications of leakage overboard should 
be watched for, and sea suction valves rigidly 
inspected* 

2. Cargo pump scaling glands must be care- 
fully adjusted and inspected to prevent losses 
into bilges and cofferdams. 

3. Sufficient allowance for expansion must 
be made when loading, to prevent tank over- 
flow at sea, 

4. Hull and rivet leaks should be detected 
promptly and repaired immediately. 

5* Tanks tops and ullage holes must be 
securely dogged down to prevent the entry of 
water which can cause loss of cargo by dis- 
placen^ent. 

6. Tanks and lines should be drained com- 
pletely after transfer operations. 

Precautions Against Harbor Pollution 

The Oil Pcdllution Act of 1924 prohibits the 
discharge or escape of oil or water containing 
oil from any vessel intonavigable coastal waters 
of the United States. Heavy penalties are im- 
posed for violation of this act. Similar laws 
are enforced by most countries throughout the 
world, with corresponding heavy penalties. Har- 
bor pollution may occur as a result of improper 
ballasting operations or by spills and leaks 
while transferring cargo. 

The following harbor regulations, common 
in ports throughout the world, are concerned 
with ballasting operations: 

Oil and Ballast DisposaL— No oil or water 
containing oil shall be dumped overboard within 
100 miles of land, except in case of an emer- 
gency imperiling life or property. Vessels 
finding it necessary to drain tanks of dirty bal- 
last, or discharge slop, when within the 100- 
mile zone, may discharge the water beneath 
dirty ballast or slop as practicable* A care- 
ftil watch should be maintained to ensure that no 
oil goes overboard* Hie remaining ballast 
containing the slop from each of the tanks. 
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shall be pumped into one tank, the contents of 
which shall be pumped ashore or into barges 
on arrival in port 

Pumping Ballast in Port— Only clean ballast 
water shall be pumped overboard In port, dirty 
ballast being disposed of by pumping directly 
ashore or into slop barges. 

When pumping clean ballast overboard In 
port or within the 100-mile zone, it is advisable 
to discharge it over the top rather than through 
the sea suction. This pr ocedur e provides an op- 
portunity for continuous checking to ensure that 
no oil is being pumped overboard* bsuch caseSf 
it is advisable to have a man standing watch 
by the discharge hose. 

During transfer of cargo, ship's officers 
must guard against spills, burst hoses, and 
leaks through sea suction \^ves and overboard 
discharges. If an oil spill occurs within a har- 
bor, the captain must get in touch with the 
terminal representative immediately and try to 
confine the oil and prevent its spread. 



TANK CLEANING AND GAS-FREEING 

The twofold purpose of tank cleaning and 
gas-freeing is (1) to ensure that tanks are in 
condition to receive cargo without contamina- 
tion of products; and (2) to lessen the hazard, 
to men and to vessel, created by the accumula^- 
tion of gas vs^rs. 

Approved tank cleaning and gas-freeing 
procedures have been established by the Navy 
and are promulgated Jointly by the Bureau of 
Ships and the Military Sea Transportation Serv- 
ice in the Cargo Tank Cleaning Manual , NavShips 
250-341; MSTS P lOS, Sepiember 1650. Only a 
general discussion of the sul^ect is Included in 
this chapter. 

Types of Tank Cleaning (General) 

Tank cleaning can be conveniently classified 
under four categories, according tothe degree of 
cleaning necessary to meet operational or ma- 
terial requirements. The categories are: (1) 
periodic maintenance cleaning; (2) cleaning and 
gas-freeing for tank inspection and/or repairs; 
(3) cleaning and gas-fireelng for shipyard over- 
haul; and (4) cleaning for change of cargo. 

Periodic Maintenance Cleaning 

To maintain the tanks of a vessel properly, 
it is necessary to clean the cargo tanks periodi- 



cally, removing from within the tanks accumu- 
lations of scale, sediment, and leftover residue 
from previous cargoes. An illustration of a scale 
condition in a cargo tank on a black tanker is 
shown In figure 13-8. If this scale is allowed to 
remain, it will clog limber holes and strainers, 
thereby retarding the cargo discharge and 
stripper rates; 

Jn the case of clean vessels, especially 
gasoline carriers, scale usually accumulates 
in the upper parts of a tank. Periodic removal 
of this scale helps to retard future scale 
formation and also makes future gas-fteelng 
easier. Jn addition to lessening cargo con- 
tamination, cleanliness of tanks and the ab- 
sence of bottom accumulations aid in main- 
taining good cargo stripping, thereby helping 
to prevent attendant cargo losses. On black- 
oil vessels, the heaviest accumulations ar e on the 
bottom. 

Although tank cleaning is beneficial in many 
ways, it is necessary to consider in some 
cases, as in black vessels, that the oil film 
on the taxdc interiors also serves as a protec- 
tive coating which slows down corrosion. Wash- 
ing tank sides and internal members, therefore, 
should be avoided unless an actual need exists. 



Gas- Freeing for Tank 
Inspection or Minor Repairs 



Occasionally tanks must be gas-fteed in 
order to inspect bulkheads for leaks or to make 
minor repairs to valves, extension rods, pipe- 
lines, and the like. The term ''gas-free" 
means free from dangerous concentration of 
flammable or toxic gases. 

For inspection or minor repairs, however, 
it is not usually necessary to gas-free the m- 
tire vessel, but only the tank or tanks to be 
entered and adjacent spaces. These areas need 
be r»dered gas-free only for the period of 
time required for the inspection or repairs. 

A cleaning operation assists greatly in gas- 
freeing by removing oil as well as knocking down 
loose scale accumulations which may regenerate 
vapors. To obtain a gas-firee condition^ it is 
necessary to ventilate the tanks by renewingthe 
air in them several times. This maybe carried 
out either by natural means or by the use of 
such mechanical devices as gas exhausters, ven- 
tilating fans, or blowers. Ventilation is con- 
tinued at all times when men are in the tanks. 
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Figure 13-8. -Scale condition in a cargo tank. 
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Gas-Preeing for Shipyard 
Overhaul or Major Repairs 

A vessel entering a shipyard for overhaul is 
subject to much stricter regulations in regard 
to the cleanliness and gas-free condition since 
work to be done in the tanks usually requires 
the use of sparking tools and hot work. The 
vessel must be maintained in a gas-free con* 
ditionfor jkhe entire overhaul period; all sources 
of oil and vapors must be eliminated to ensure 
against regeneration. A thorough gas-freeing 
of this type involves complete removal of all 
traces of oil and vapors in all the spaces, in-- 
eluding that behind or soaked into rust and 



scale. Pockets of oil and/or vapor behind 
scale and in dead-ends of pipelines are potential 
sources of gas regeneration. 

To help achieve the required cleanliness and 
gas«free condition, a thorough routine cleaning 
is recommended, followed by extensive tank 
ventilation, mucking, and hand hosing of the 
bottoms; 

A thorough machine cleaning usually knocks 
down and breaks up considerable scale, per-- 
mitting oil thus freed to be pumped away and, 
at the same time, providing easier mucking. 
This greatly reduces the likelihood of gases 
being regenerated during periods of shipyard 
availability. 
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Cleaning for Change of Cargo 

Cleaning for change of cargo includes clean- 
ing: (1) for change to a similar product (as 
from JP-5 to die&«4); (2) for change from gaso- 
line to clean product such as dieselfuelor JP-5; 
and (3) for taiiks*>7 -conversion from blackto clean 
service. 

When a chanxp of cargo is made io a similax 
product, the ops^ation involves the removal of 
all the previous products and removal of sedi- 
ment from the cargo tanks, pipelines, and pumps. 

Vhen a o'lange of cargo is made from 
gari^line to Ustillate fuel such as JP-5 or 
die.^el fuel, t - i^ heating coils and steam smother- 
ing lines shatld blown out with steam or hot 
w!i^:r. Cargo tanl: vent lines should be flushed 
out vith hot watc </ and the entire vent line sys- 
tem allowed to ^rain. Cargo tanks should be 
washed wiiSi a mechouTkVcal type washing ma- 
chine. Ta tk tops shcvl;^ bi: oi ?ned and wind- 
sails or luachanlcal blowers Used if necessary 
to gas free the tanks tc allow person lel to 
e*^ter each tank to hpnd hose tank bottoms iixii 
remove loose scale and sediment. Cargo 
pipelines and cargo pumps fihoyild be cleaned 
by pumping; clear, water tlij-ougi? each pump 
and plpelllne. All pipelines should be dra'nrvn 
upon completion of flushing. 

When 2 tanker is being coM'erted j!rom black 
to clival; jiervice, amoi'e complex clearing opera- 
tion is required. In converting from black oil 
to diesel fuel, tai\ks must be clean and free of 
oil residues, wax, at^i sediment, as these ma- 
terials tend topromotefliscoloration, corrosion, 
and gum in diesel cargoes. However, the high- 
est degree of tank cleanliness must be accom- 
plished for conversionfromblackoiltogasoline, 
kerosine and Jet fuel service. Tanks scheduled 
for carrying these products must be exceedingly 
clean. Unless the needs are imperative for 
changing from black directly to gasoline, kero- 
sine or jet fuel service, it is strongly recom- 
mended to first carry a cargo of diesel. Fuel 
oil, oil residues, wax, sediment, loose scale, 
or water in tankers scheduled for conversion 
should not be permitted as these contaminating 
factors cause unsatisfactory thermal stability. 
Increased corrosion, gum formation, and de- 
preciation of the quality criteria in general. 

Routine Machine Washing of Tanks 

Routine machine washing is a basic opera* 
tion consisting of washing the tanks with streams 



of hot or cold water under pressure. A tank 
washing machine, shown in figure 13-9, is a 
mechanically rotated nozzle device which is 
attached to the end of a hose and inserted into 
the tank through a deck opening located in the 
top of the tank. The machines are placed at 
various levels within each tank. 

The cycle of routine tank washing, from the 
sea suction to tl^machine inthe tanks, is shown 
in figture 13-10. sea water isbroughtin through 
the sea suction, goes through the fire and tank 
washing pumps (where the pressure is boosted), 
thence to the heater, through the fire line, 
and then to the machine in the tank. 

Steam Cleaning 

jSte.f.m cleaning of tanks is resorted to only 
whe;. v/ashing mactiines are not available. Three 
disadvantages of this method of tank cleaning 
are ajo follows: 

1. The safety of the vessel is endangered as 
steaming causes thermal strains on the hull 
with attendant rivet T^aV:.s and acceleration of 
corrosion. Also, stoaming causes a greater 
quantity uf gases to be discharged on deck. 
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Figurf. 13-9.~Tank washing. 
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Figure 13 -10. -Routine tank washing cycle. 



2. Steam cleaning requires more time, 

3. It is less economical because steaming 
tanks appreciably increases the burden on the 
boilers and the average speed of the vessel is 

Jrobably reduced on steam vessels. Increased 
lel consumption is a natural result, due to the 
ekj^a time required for gas-freeing by this less 
efficient method. 

Tank Ventilation 

After a cargo tank has been cleaned by 
machine washlD*g or other method, ventilation 
is necessary to obtain a safe gas-free condi- 
tion. Ventilation is begun immediately after 
tank cleaning, while the tank is still hot and be- 
fore cooling has condensed the heavier vapors 
back to a liquid. Ventilation may be accom- 
plished by any one of the following means: 
wlndsalls; gas exhausters; or ventilatlngfans and 
air blowers. 

Windsails.— A windsail consists of a canvas 
chute that can be hoisted above the deck by 
means of a halyard, and a long canvas duct 
that extends down into the tank. Natural ven- 
tilation may then be accomplished by trim- 
ndxtg the windsail into the wind. The efficiency 
of the windsail depends on the force and di- 
rection of the wind. In a moderate breeze it is 
fairly effective. 

Circulation of air throughout the entire 
tank is set up by placing the lower end of the 
canvas duct near the bottom where the heavy 
vapors settle. The air caught by the chute is 
ftmneled down through the duct to the bottom 
where it forces the gases to the top of the tank, 
allowing them to escape to the deck through the 
open tank top. 

Gas Exhausters.^ After a tank has been al- 
lowed to cool, especially when there is alack of 



natural ventilation, gas exhausters or ventila- 
ting fans are used to dispose of gas vapors 
quickly. 

Gas exhausters are devices which serve to 
gas-free a tank by the continuous renewal of 
air in tank spaces. Belonging to the class of 
aspirators , they are not designed for high vacuum 
but for a large carrying capacity. The gas ex- 
hauster is particularly effective in the gas- 
freeing of gasoline tanks as it reducesthe wash- 
ing time when the machine system is used. 

.A gas exhauster is shown in figure 13-11. In 
this typical installation, a 10-inch exhauster is 
connected to a standard 10-inch expansion joint 
which acts as a swivel joint so that the discharge 
end of the exhauster may point either to port or 
starboard. The gases are then carried away by 
the prevailing wind. 

Air Blowers.— Air blowers zre used to move 
considerable air in a short time by a vacuum 
action which is regulated by the force of com- 
pressed air. 

Mechanical Blowers or Ventilating Fans.- 
These Ture power-driven fans of the centrifugal 
type and are found to be efficient in many types 
of work, They are equipped with explosion- 
proof motors so they may be used for ventilat- 
ing tanks and spaces containir^ explosive vapors. 
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Figure 13-ll.-Gas exhauster installed aboard 
a modern tanker. 
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The advantages of the air blowers andventi* 
lating fans are that they can be reversed so that 
air can be forced into the tank as well as sucked 
out, and they are built of nonsparking materials. 
Equipping these blowers or ventilating fans with 
long canvas socks or with noncollapsible hose 
tubeSi permits placing the air or suction at any 
desired point in the tank, and the efficiency is 
increased. They may be made in practically 
any size, and are easily rigged and handled by 
any one on the Job. They are excellent for re-> 
moving heavy gases, such as carbon dioxide, 
from the bottoms of tanks. 



INSPECTION 

The petroleum inspector is responsible for 
quality and quantity of the product and deter* 
mines the suitability of a tanker to load without 
adversely affecting the quality of the product. 
Ife has no authority relative to the actual 
operation of the ship, but the captain cooperates 
with the petroleum inspector in order to co* 
ordinate loading operations. 

A summary of vessel inspection procedui*es 
is given herein in order to furnish an overview 
of the ftinctions of the petroleum inspector in 
tanker operations. 

Preliminary Inspection 

Prior to loading the inspector checks the fol* 
lowing: availability of cargo to be loaded; 
shore tanks; loading lines; ship's tanks; and 
the planned layout of split cargoes. 

Availability of Cargo.— l^pon receiving a 
nomination of;, a vessel scheduled to lift pe<» 
troleum, the inspector checks with the siqp- 
plier to determine that sufficient quantities 
of the product or products are available for 
loading at the proper time. He determines 
that the product will be ready to be loaded 
when the vessel arrives. 

Shore Tanks. --He samples andtests all shore 
tanks to be used for the cargo to determine that 
the product meets the required specifications. 
He also gages the shore tanks. 

Loading lines.— Hedetermines, by sampling, 
that all pipelines to be used are ftill and contain 
on*specification products from approved shore 
tanks and do not contain any water. 



Ship's Tanks.— On docking of the vessel, 
the inspector; in company with inspection per- 
sonnel representing the contractor, boards the 
vessel and develops information from ship's 
personnel regarding previous cargoes carried, 
tank cleaning performed since the last cargo, 
the present condition of the ship's tanks and 
lines, and the estimated length of time re* 
quired to deballast completely. It is important 
ttiat any recommendations regarding readying 
the ship for cargo be made as early as possible 
so that any cleaning or gas«freeing operations 
can be arranged with minimimi delay in ship 
turnaround. 

When the ship's tanks are ballast-free and 
suitably clean, the inspector makes a personal 
inspection of all tanks. Particidar attention 
is paid to rust and scale, especially when 
aviation fuels and lube oil cargoes are to be 
loaded* 

When loading aviation fuels, the inspector 
requires that samples of the rust be taken fi^om 
the tanks and tested with the fuels to determine 
the effect upon its corrocfiveness and tendency 
to form gum. 

The tank bulkheads and bottoms are 
thoroughly examined after all tank stripping has 
been accomplished. The ship's main cargo lines 
are drained to one tank, preferably aft, which 
is then emptied by the stripping system. The 
stripping system is then cleaned of ballast water 
by blowing with compressed air or steam. 



Inspection During Loading 

After sufficient cargo is pumped into one 
tank, the inspector may request the ship's 
officer to switch from this tank to other tanks 
and continue loading. A sample drawn from 
the first tank will then give a very good in- 
dication of the product being received in the 
ship. After the sample has been drawn and 
found by test to be satisfactory, the first tank 
is. then available for receiving more cargo. 

Immediately upon commencing loading, a 
sample is drawn from the shore line near the 
hose connection. This sample is visually in- 
spected for water and contamination and is 
forwarded to the laboratory for spot tests. 
During the loading, periodic samples are drawn 
from the loading lines for spot testing at 
intervals designated by the inspector. Tliese 
samples may then be composited for analysis as 
a check on cargo sample results. 
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Upon completion of loading, the shore tanks 
are closed off and gaged. Since water level in 
the tank bottom should not change appreciably 
during the loading, any decrease may indicate 
that water has probably been loaded on the 
vessel* In the event of any decrease of water 
level in the shore tanks, a sample is taken near 
the bottom of the ship's tanks to indicate the 
presence of water. 

Samples are taken from the ship's tanks 
after loading is completed. Ship's tanks are 
also gaged and the temperature of the product 
in the tanks determined. 

Inspection During Discharging 

When discharging, the same procedures apply 
as in loading, with few exceptions. On arrival, 
samples are taken from the vessel's tanks, and 
tests are run to determine quality of product. 
The ship's tanks are gaged, and the temperature 
of products determined. The ullages are com* 
pared with those obtained when the loading of 
the vessel was completed. After corrections for 
temperature differences are made, the ullage 
readings are comparedtodeterminewhether any 
shifting or shortage of cargo has taken place 
while the vessel was in transit. 

The shore tanks and loading lines are checked 
for suitability before a receipt of cargo. The 
shore tanks are then gaged. Temperatures are 
determined and samples taken before and after 
discharging, ^ore lines are also checked after 
completion of discharge. 



FUEUNG AT SEA 

Mobile logistic support is an important ele« 
ment hi operational logistics. During World War 
II, it was a significant factor in furnishing sup* 
plies and services to overseas fleet units in 
advanced areas. It continued to be so in Korean 
operations and will be employed hi the support 
of overseas fleets in any ftiture emergency. 
Mention has already been made of floating stor- 
age and its importance in supplying units in 
advance areas. A brief description of fiielhig at 
sea is hicluded because it, too, is an important 
procedure hi operational logistics. Further- 
more, it is a unique method of petroleum dis- 
tribution, developed by the Navy for support of 
the fleets. 

The term fueling at sea is applied to the op- 
eration of transferring fuel from one vessel to 



another in an open sea while the vessels are 
under way (fig. 13-12). In general, fuel maybe 
transferred between most auxiliary and combat- 
ant type vessels if the necessary equipment 
(hose, booms, tackle) is available. However, hi 
practice, the transferring vessel in refueling 
operations is an auxiliary vessel called an oiler. 
The Service Forces have primary interest in this 
procediure. A complete description of these 
operations appears in the fleet publication, NWP 
38 series. Replenishment at Sea. 

Primary Considerations 

Fueling at sea is a military operation which 
must be conducted so that logistic support is 
furnished with minimum interference with the 
primary operation in progress and with mini- 
mum risk of damage due to enemy action or 
other causes. Thus the operation must be per- 
formed in the least possible time consistent 
with reasonable safety, making use of courses 
and speeds which deviate the least from the re- 
quirements of the primary operation. 

The most effective means of reducing over- 
all time is by intelligent plaimhig and prepara- 
tion. Where several ships are to be replenished, 
the order in which they are assigned to come 
alongside should be one which would require 
minimum changes of rig by the auxiliary ship or 
of arrangement for issue of fuel. As soon as 
each ship is alongside and connected, transfer 
must commence and continue without interrup- 
tion. 

Risk of damage due to collision, weather, or 
failure of equipment, as >yell as its improper 
handling, is hicreased by attempts to cut time 
below that compatible with the state of trahiing 
or by lack of constant watchfulness and care> 
the part of all connected with the operatlor 

The fueling at sea operation must be cc . 
ducted in a manner that will permit immediate 
cessation of operations for defensive acti^. 
Increased risk of damage due to enemy action 
is present because ships must take a close po- 
sition and suffer restricted maneuverability. 
Procedures, equipment, and training must be 
utilized which permit the ships involved to act 
offensively and defensively with maximum ef- 
ficiency durhig the refueling operation and to 
break away expeditiously in an emergency. All 
gear and rigging must be tended constantly and 
the handling crew must be trained to disconnect 
and return all gear instantly when so ordered* 
Insofar as practicable, it is Important that the 
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Figure 13-12.-Fueling at sea. 
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burden of all possible rigging and handling 
thereof be assumed by the fleet oilers to enable 
combatant ships to take defensive action with 
the least possible delay. 

Rates of Transfer 

The quantity of oil that canbedeliveredfrom 
one vessel to another within a specified time, 
apart from weather and sea conditions, is 
governed by one or more of the following factors: 

1. Number I size, and type of fuel hose used 

2. Temperature and viscosity of oil 

3. Pressure maintained at the transfer pump 
discharge 
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4. The suction conditions of the fliel-oil 
transfer pumps, including the size of tank 
tailpipes and number and location of tanks 
cut in 

5. Arrangements of the vessel being fueled 
for the best distribution of oil received 

6. Arrangements on the fueling vessel for 
providing the best possible rigging and 
handling facilities 

7. Design pressure drop .Inherent inthepip* 
ing of either vessel 

8. Capacity of fuel-transfer pump 

9. Method of fueling used 



FUNDAMENTALS OF PETROLEUM 



10. Design of the stowage tanks, overflow, 
and escape system of the receiving 
vessel. 

Pumping Rates 

Pumping rates to be expected approximate the 
following: 
Fuel Oil 

3000 GPM with 7-inch hose 
2000 GPM with 6-inch hose 
1250 GPM with 4-inch hose-— four hoses 
Gasoline 

1000 GPM with 6-inch hose 
500 GPM with 4-inch hose 
100 GPM with 2 1/2-inch hose 
Diesel OU 

1000 GPM per 4-inch hose 
JP-5 

3000 GPM with 7-inch hose 

Rigs for Fueling at Sea 

There are three accepted rigs for fueling at 
sea, namely, the Spanwire rig, the Close-in rig, 
and the Heavy Weather rig. The essential dif- 
ference between these rigs lies in the method 
employed to extend the hose between the ships 
involved* 

In the Spanwire rig, the hose is extended by 
the use of a wire rope rigged between the two 
ships on which trolley blocks, supporting the 
hose, are rum &i the Close-in rig, the hose is 
extended by the use of saddles supported by 
boom whips and bight lines to booms or other 
high locations on one or both ships. The Heavy 
Weather rig is essentially the same as the Span- 
wire rig except that the rig is modified to ac- 
commodate 315 feet of 7-inch hose. 

The use of a spanwire to siqpport the hose 
permits the ships to open out to between 140 
and 180 feet to transfer fuel comfortably. The 
Heavy Weather rig permits a maximum ship 
separation of 260 feet. When using the Close-in 
rig, the distance to which ships may open to fuel 
comfortably is limited to about 80 feet The 
greater separation of ships engaged in fueling 
permitted with the Spanwire rig and Heavy 
Weather rig will frequently allow the choice of 
a fueling course which is closer to the desired 
direction of advance, and hence results in sub- 
stantially less interference with the primary 
mission of the force being replenished. These 
methods also provide for greater speed through 
the water while fueling, greater tolerance in 



station keeping, greater maneuverability, and 
greater use of antiaircraft batteries in the event 
they are needed during fueling. 

A sketch showing the Spanwire rig is shown 
in figure 13-13. 

MSTS Limited Fueling at Sea Capability 

Another method of fueling at sea is the broad- 
side method, whereby MSTS tankers and 
privately-owned tankers are provldedwith limi- 
ted equipment and gear for transfer of bulk 
petrolemn products at sea. These tankers are 
engaged regularly in commercial type operations 
of worldwide point-to-point transportation of 
cargo. However, they have had minor alterations 
which include tripods on the main deck, quick 
closing valves, pipeline extensions, and limited 
equipment which enable them to receive fueling 
rigs and hoses from fleet oilers, carriers, 
or cruisers for transfer of their cargoes. This 
capability of fueling at sea from tankers pro- 
vides a valuable contribution to the readiness of 
the fleet It provides an underway cs^ability 
available for contingency operations or in the 
event of an emergency. Transfers can be par- 
ticulavly useful in resupply of bulk petroleum 
products to fleet oilers. Thus, the oilers can 
remain on the service line instead of having to 
break off operations, steam to a loading port, 
load, and return to station. 

MSTS OPERATIONS 

The Military Sea Transportation Service is 
responsible for providing ocean transportation 
requirements for all military services and for 
other agencies or departments as directed. MSTS 
is under the military, command of the Chief of 
Naval Operations. For procurement purposes 
and related matters, MSTS is responsible to the 
Assistant Secretary of the Navy (bstallations 
and Logistics). 

MSTS headquarters are located in Washing- 
ton, D. C. Four major area commands are 
located at New York, San Francisco, London 
and Yokohama. Under the area commands are 
stibarea conmaands and offices which are estab- 
lished at whatever worldwide locations the vol- 
ume of MSTS business Justifies. 

Mission of MSTS 

The mission of MSTS includes the opera- 
tion of tankers and oilers of the MSTS 



ERIC 



158 



/(,7 



Chapter 13-TANKER OPERATIONS 




RECEIVING SHIP 



DaiVERINOSHIP 



Figure 13-13,-All wire Spanwire rig. 
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Government-owned fleet and other tankers ac- 
quired by MSTS; to arrange for tanker space In 
commercial shipping to meet the bulk POL (petro 
oil and lubricants) lift requirement of the Depart- . 
ment of Defense with maxlmtmi efficiency and 
economy; arid^ recomt nend adjus tmenta^t-the— 
xMSTS lift capablUty to conform to bulk POL lift 
requirements. 

MSTS tanker operations are centrally con- 
trolled in Washington, D. except when spe- 
cifically authorized otherwise, as in the case of 
small tankers assigned to operate In local areas. 
This central control is necessary because bulk 
petroleum requirements, product availability, 
and storage a;vailability vary constantly. 

Categories of Ships 

MSTS utilizes two broad categories of ships to 
accomplish its mission: (1) Government-owned 
ships, and (2) chartered commercial ships. 



1. Government-Owned Ships.-Govemment- 
owned ships may be sub-divided into two groups: 
a. MSTS Tankers - These are designated 
as United States Naval Ships (USNS). They are 
owned by the Navy and incltide: 

---.-^^ Service-Manned Tankers.— 

These are bondl tankers mannedby Government 
civil service personnel and assigned to a local 
area, or special project, such, as in Japan or for 
Arctic i*estqn>ly. This is the major portion of 
the MS rs tank ship fleet 

(2) Contract-Operated Tankers.— 
These ships are assigned to steamship com- 
panies to operate under contract The contracts 
are let on abid basis andprovidefor reimburse- 
ment of cost-plus-fixed-fee. The USNS tankers 
under contract are manned by maritime industry 
personnel. They are public vessels of thelbiited 
States entitled to the same courtesies, immuni- 
ties, and privileges as any other ship of the Navy. 
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b. Fleet Oilers.— These are commls* 
sloned vessels of the Navy normally used for 
refueling the fleet at sea. Because of the opera- 
tional requirements of the fleet they are used 
only when traffic volume exceeds the carrying 
capacity of MSTS tankers and commercial tank- 
ers cannot be obtained at fair and reasonable 
rates. 

2. Chartered Commercial Ships.-.These 
ships are privately owned and operated, but are 
under charter. They are chartered as follows: 

a. Voyage Charter. ~The ship is leased 
for a definite stated voyage at a fixed amount, 
llie number used varies from month to month 
due to the fluctuating petroleum requirements 
and positioning of the MSTS government-owned 
tankers. 

b. Time Charter.— The ship is hired for a 
specific period of time. MSTS operates the ship 
and pays the owner an amount based on a price 
per deadweight The cost of this type of charter 
includes the time charter cost, bunkers, and 
port charges. The owner pays maintenance and 
overhaul costs. 

Responsibilities of MSTS 

MSTS has three major responsibilities which 
are of particular interest in ocean transporta- 
tion of petroleum products. 

1. Determination of Tanker Requirements.^ 
MSTS is responsible for deter miningtanker cap- 
abilities required to meet bulk POL life require- 
ments received from authoriased sources, and 
arranging for shipment in accordance with 
policies and priorities of the Joint Chiefs of 
Staff and the Department of Defense. Recom- 
mendations are made on the acquisition of 
Government-owned tankers as required or re- 
duction of tanker capabilities if petroleum 
requirements decrease. The need for charter- 
ing privately owned tankers is also determined. 

2. Contracting.— MSTS negotiates, executes, 
and administers contracts with commercial 
operators for the operation of Ciovernment- 
owned tankers* 

3. Control. -MSTS exercises direct control 
over the movement and deployment of all MSTS 
controlled tankers, supervising their utiliza- 
tion. MSTS advises on the need for alterations 
and improvements to tankers or the acquisi- 
tion of new tankers of different types. Reviews 
of ship inspection and other reports are made 
and recommendations for improvement are 
provided. 



Chartering 

Commercial tankers are chartered to fulfill 
tanker requirements. The three main types of 
charters are bareboat, voyage, and long-term 
time charters. 

1. Bareboat Charter.— A tanker bareboat 
hire is one under which the owner delivers the 
ship to the charterer for a period of time; vest- 
ing in the charterer most of the incidents of 
ownership. The charterer is responsible for 
manning, operation, and control of the ship. The 
cost under bareboat hire is the sum of bareboat 
charges, bunkers, port charges, operating costs, 
and repair and overhaul. i 

2. Voyage Charter.— A voyage charter is a 
cmtract whereby a ship is made available to the 
charterer for the shipment of cargo between 
given ports or ranges. The ship is conimitted 
for a single, repeat, or consecutive voyage over 
the same or different routes. The charterer 
provides the cargo and pays freight according 
to the route and amount of cargo carried. Owner 
pays all operating expenses, such as port 
charges, costofbutikers, loading and discharging 
expenses, if not otherwise agreed, out of the 
freight revenue. 

3. Time Charter. -Tankers under time 
charter are extracted for full use of the vessel 
for a designated period of time. The owner is 
responsible fDr operation, navigation, mainte- 
nance, and management of the vessel including 
crewing, fueling, storing, and husbanding. The 
entire reach and burden of the vessel is placed 
at the disposal of the charterer. The charterer 
has operational control, which includes provid- 
ing loading, routing, and discharge instructions. 
The owner's income is the charter rate for the 
services of the vessel and crew, which is ex- 
pressed in amount per day or month plus reim- 
bursements for certain costs incurred for the 
account of the charterer as set forth in the 
contract. 

4. Contracting for Operation of Government- 
Owned Tanker8.-MSTS contract-operated tank- 
ers (USNS) are Government-owned tankers which 
are operated by steamship companies who have 
been awarded their contracts tturough normal 
competitive channels. They are under the ad- 
ministrative ccmtrol of Headquarters, MSTS, 

These tankers are officially deifiignated MSTS 
tankers, in service (USNS) ( contract operated ). 
They are pubUc vessels owned hy the lAiited 
States Government, and regarded as any other 
ship of the Navy. 
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Each MSTS tanker displays in its pilothouse 
a certificate signed by the Secretary of the Navy 
indicating its status as a public vessel. The 
contract precludes using the tankers in com- 
mercial service or for the contractor's own 
purpose. 

The name of an MSTS contract- operated 
tanker is painted on the bow, port and starboard; 
on the stern; and on the port and starboard 
bridge name-boards. ''U.S. Naval Ship'' is 
painted above the name. Four bands are painted 
around the ui^er portion of the stack in the fol- 
lowing colors: from top to bottom: black, haze 
grey, blue, yellow. 

TRANSPORTATION REQUIREMENTS 

In terms of tonnage and of cost, bulk pe- 
troleum products are the most important mil- 
itary petroleum cargo. It is the responsibility 
of MSTS to ensure that sufficient tankers are 
available to lift petroleum cargoes according 
to established schedules. The following dis- 
cussion is limited to methods for computing 
the number of tankers required to make the 
reqtiired lifts. 

Tanker Equivalents 

To provide uniformity in determination of 
ship requirements for planning purposes, re- 
quirements are e:q>ressed in terms of notional 
ships. A notional ship is defined as a "theo- 
retical or average ship in any one category 
used in high-level transportation planning.'^ In 
the case of tankers, the T2-SE-Alisusedas the 
notional ship. 

In determining tanker requirements, avail- 
able tanker -types are convertedto notional ships 
(T2 equivalents) by use of the following formula: 



T2-SE-A1 Equivalent = 



_ DWT X SPEED 



16,600 X 14.5 



DWT is the abbreviation for deadweight tonnage 
which is the number of long tons (tons of 2,240 
lb.) that a vessel will lift— Including cargo, 
ships' personnel, siqpplies, etc.— when loaded 
in s.Ut water to her sunmier freeboard marks. 

Speed and other characteristics of merchant 
tankers built during JVorld War n are given in 
table 13-2. Also shown in this table is the T2- 
SE-Al equivalent for each tanker type. If a 
table of equivalents is not available, equivalents 
must be calculated by use of the above formula. 



The following example is given to show the 
conversion of a T3-S-BZ1 tanker to T2 equiva- 
lents, using data from the table. Deadweight 
tonnage of the T3-S-BZ1 is, according to the 
table, 23,814. Speed is 16.5 knots. Thus, 



T2-SE-A1 Equivalent = 



23,814 




If a table showing speed is not available, a 
short cut may be used if approximation only is 
desired to arrive at the average speed as follows : 





Average speed 


Average speed 


< Flag 


if total DWT 


if total DWT 


is 2,000 


is 6,000 




to 6,000 


or over 


United States* • 


14.4 


14.5 


United States 






owned, all 








14.1 


14.2 


Western 






Hemisphere . . 


14.0 


14.1 


EGA countries 


12.4 


12.5 


British Em- 






pire, all 








12.2 


12.3 


World 


13.2 


13.3 



Number of Tankers Required 

To determine the number of tankers required 
for a given task, the following generalized for- 
mulae are used: (1) for fuel oil, and (2) for 
gasoline: 



1. FUEL OIL 



2. GASOLINE 

Jn the formulae, T stands for T2 Tanker Equiva- 
lents; Q for mUlions of barrels to be delivered 
monthly: and. D for turnaround time in days, 
plus 14% for repairs. (Turnaround time is that 
period of time required by a vessel to make one 
complete round trip between its home port and 
its discharge port including complete prepara- 
tions to resume the cycle.) Theloadingtime of a 
T2-SE-A1 is considered to be 2 days and dis- 
charge time, 4 days. 
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For example, the number of tankers required 
to lift 600,000 barrels of Navy Special Fuel Oil at 
San Pedro, Calif., for discharge at Anchorage, 
Alaska (a voyage of 6 days each way), during a 
12-month period, is determined as shown below. 



An example showing the method of projecting 
tanker requirements in terms of T2 equivalents 
when consolidated POL requirements are known 
for any given fiscal period, taken as 12 months 
in this case, is shown in figure 13-14. 



Q-.^ 600>000 barrels (for 1 year) ^ 

1,000,000 (to convert to mUUons of barrels) x 12 (to give figure for 1 month) " """^ 

D = (2 days + 4 days + 12 days at sea) (1 + 14%) = 18 x 1.14 s 20.52 

0.05 x20,52 , 0^3,3 



SOURCE OF LIFT 

U. S. Watt Cboti 
(SonPtdra) 


DESTINATION OF UFT 

Alaska ^AackoroM) 
Howali (Poori) 
Marianas (Goom) 


PETROLEUM IN BBLS 
BUCK CLEAN 

600,000 800,000 
900,000 800,000 
400,000 100,000 


DAYS T2EQUIV. REQD. 
TURNABOUT BLACK CLEAN 

18 .342 .342 

19 .542 .361 
37 .469 .088 


US. Gulf 
(Houtlen) 


U.S. East Coost (Norfolk) 


2,000,000 


800,000 


16 


1.013 


.304 


Unltod Klngdooi 
(TkamoihovMi) 


400,000 


700,000 
500,000 


36 
39 


.741 


.599 
.463 


ParsiM (UU 
(Bohrala) 


Jopan (Ybkiikoino) 
Marianas (Guom) 


3,OO0l0OO 
900,000 


2,800,000 
400,000 


44 
42 


4.18 
1.197 


2.926 
.399 


TOTALS 




8,400,000 


7,000,000 




8.484 


5.482 


GRAND TOTAL CImni md Block Strips Raqglrad 








13.966T2 Eqolvolonts. 


♦NOTE: Total skip raqvlnmmts on nporlsd to tko soorast wkolo nmabor, tokm os 14 In this coso. 
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Figure 13-14.-Example showing method of projecting tanker requirements In terms of T2 
equivalents when consbUdated POL requirements are known for any given fiscal period, taken 
■ as montns in this case. 
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FUEL DEPOT OPERATIONS 



The normal operations at a Navy fuel depot 
Include the receipt, storage, and issue of liquid 
petroleum products. The term "ftiel depot'' re- 
fers to any of the Navy's various fuel fecilities. 
A fuel facility at a continental naval activity is 
shown in figure 4-1. 

The principal products handled inbulkat Navy 
fuel installations include any or all of the fol- 
lowing: Navy special fUel oU, diesel fuels, 
motor gasoline, aviation gasoline, jet fUel, and 
several Navy symbol lubricating oils. In 
addition, fuel depots may handle other bulk 
products and packaged fuel or lubricants, either 
in drums or smaller containers. 

Fuel may be received by ship, barge, pipe- 
line, tank car, or tank truck. 

FACILITIES 

The largest part of a Navy fuel depot, is 
devoted to the tank farm area v^ich is com- 
posed of bulk storagetanks and related facilities, 
such as pipelines and pumps. Usually drum 
handling facilities are separate from the tank 
farm area and may include not only storage 
space for drums, but drum filling and recon- 
ditioning equipment. In addition, there are 
various facilities for receiving and dispensing 
fuel. Of these, water front focilities are of 
special importance and are described under the 
section on water front operations. 

Location 

Some depots are attached to or are part 
of an operating base. Others are isolated from 
other military activities. In either case, 
many factors must be considered in selecting 
a site for a fUel depot. 

Adequate space must be available, not only 
for the tanks themselves, but for proper spac- 
ing between tanks. For safety reasons, the 
site should be remote from populated areas 



and from congested industrial areas. Never- 
theless, the depot must have easy access to 
transportation facilities, including water, rail- 
road, and highway transportation facilities. 

At advanced bases, the strategic value of 
the location is a primary consideration. The 
depot must be located so that it can supply the 
various units of the Armed Forces at all times, 
even though normal transportation routes and 
facilities are temporarily paralyzed. More- 
over, the physical characteristics of the ter- 
rain must be considered for ease in providing 
cover and protection. 

From a construction standpoint, both the 
topography and the character of the sou must 
be taken into consideration. Fairly level 
topography is desirable, since surface tanks 
require level foundations. If fairly level ter- 
rain is not available, extensive excavations 
are necessary. The ground should be firm so 
that tanks will not shift. Certain types of soil- 
particularly alkaline or acid soils ^ich are 
corrosive to metals- should be avoided. 

Pipeline Systems 

The pipeline systems may be divided into 
three basic types: single line, double line, and 
loop. Combinations of the three may be found. 

A single line system consists of one line 
for each product from tankage to dock and to 
tank car and tank truck loading and receiving 
racks. In a loop system, tanks and possibly 
pier risers are connected to a complete loop 
so that two paths for product transfer are 
provided. Double line systems are installed 
where topography and arrangement of focilities 
make looping less practicable. This system 
may include duplicate connections to each tank, 
tanks connected alternately to each line, or 
cross connections of main lines for tank ac- 
cessibility. Each system is provided with 
one or more types of valves and fittings. 
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Figure 14-1. -A fuel facility at a continental naval activity. 



132.110 



Sizes of main fuel lines range from 6 to 
30 inches. Smaller lines are usually used 
for auxiliary service such as bypass, pres- 
sure release, gage lines, engine feed lines, 
temporary installations, and the like. 

Pipes also vary by weight or wall thick- 
ness according to the needs of the Installation 



and material availability at time of construc- 
tion. Intratermlnal pipeline systems are nor- 
mally designed to be operated at pressures near 
100 psi and are frequently called low pressure 
systems. Interterminal pipeline systems are 
used to comiect two or more bulk terminals, 
and are designed to be operated at pressures up 
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to 1000 psi or more for welded Unes and 600 
psi or more for coupled lines. They are often 
referred to as high pressure systems. 

Safe working pressures are design problems 
and are considered during system construction. 
The pressure is usually limited by pipe fittings 
and valves rather than by pipe. In every case, 
the allowable working pressure is established 
at each installation and posted for guidance of 
all concerned. 

Pipes also vary in kind by type of construc- 
tion. The more common varieties of pipe en- 
countered are welded steel, seamless, and 
spiral weld. Pipe most commonly used is of 
welded steel construction. Seamless pipe is 
usually limited to tubing, while spiral weld 
pipe is usually found in temporary installations 
such as military portable pipelines. 

Pumps 

The number of pumps and other facilities 
is governed by the size and type of storage 
accommodations. The simplest type may have 
no booster pump, the product being delivered 
directly to storage by tankers and transferred 
from storage to dock by gravity or by pumps 
located at the individual tanks. However, at a 
large depot, covering considerable area or 
elevation, one or more pumps may be provided 
to assist in the receiving of cargoes, (usually 
from tankers) to provide for delivery of product 
from tanks, and also for accomplishing trans- 
fers between tanks. 

The types of pumps most generally used 
throughout the naval liquid fuel distribution 
system are: centrifugal, axial, reciprocating, 
and rotary. Generally, the pumps will be 
driven by constant speed electric motors, al- 
though other sources of power are sometimes 
provided such ad diesel or gasoline engine 
drive, and steam turbine drive. 

Receiving and Issuing Facilities 

Fuel pipelines are provided for receiving 
the product in bulk from a connection nutde 
to a commercial pipeline, from a ship or 
barge moored at an imloading dock, or from 
an unloading header at a tank car loading 
rack. If necessary, a booster pump is pro- 
vided along this fliel line between the receiving 
point and the storage center, for the purpose 
of boosting pressure ia the line. Pipeline flow 
may be reversed in operation to effect issue 
of 'product. ' 



In any type of receiving or issuing facility, 
provisions are made for electrically grounding 
ships, barges, or tank cars before and during 
the transfer of petroleum products. Groimding 
for tank car loading racks includes the bonding 
of railroad sidings and the insulating of trackage 
to prevent any stray currents from entering 
the plant or to prevent formation of static 
electricity. If transfer takes place from com- 
mercial pipelines, the line is separated from 
the storage center piping by an insulated Joint. 
This prevents a line provided ydth cathodic 
protection from draining current from plant 
lines and tanks. The joint also prevents stray 
currents in the pipeline from entering the 
plant. 

If unloading is to be done at a regular 
tank car loading rack, facilities are provided 
for unloading cars from bottom outlets. Tank 
cars are loaded overhead .through submerged- 
type loading arms from svring-type connections 
and risers on the tank car loading rack. Trucks 
are loaded from truck loading racks or from 
separate truck loading stems located along road- 
ways and at a safe distance from normal traffic 
patterns. 

On docks, hose supports are provided to 
prevent wear and tear in the unloading hose 
and to permit easy handling of the hose. Pans 
are also provided under all unloading con- 
nections to catch any drip or slight spill. 

Auxiliary Facilities ! 

Auxiliary focilities at military fuel depots 
differ widely, although most depots have a 
full complement of equipment such as com- 
mimication &cilities, firefighting equipment, 
cargo hose, water transportation, strainers, 
diesel fuel filters, and equipment for con-^ 
fining and recovering oil spilled on the water. 
Many depots also have &cilities for receiving 
ballast from tankers or ships. 

Most depots are furnished with at least 
a minimum of testing equipment while others 
are equipped with complete laboratory facilities 
for testing petroleum products. Some depots 
also have contaminated oil recovery systems. 

Utilities such as water supply, salt or fresh 
water for fire protection, sewage disposal, and 
power supply will vary in military ftiel depots. 
Frequently, electric power is supplied by public 
utilities. This power is often supplemented by 
a source of power at the military activity. 
Sewers discharging oily water are kept separate 
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from sanitation sewers because oily waste and 
sewage readily combine to form an emulsion 
of refractory quality. The installation r>f gravity 
water/fuel separators at outfalls of nrainage 
ditches is necessary to eliminate oil contr mina-- 
tion of navigable waters, in the eveut of oil 
spills or tank overflows. 



ADMINISTRATION 

Since the various fuel depots operated by the 
Navy differ in size, arrangement, and activity, 
the functional organization varies. Moreover, 
the organization of an individual depot must be 
sufficiently flexible to meet changing opera- 
tional requirements. For example, some fuel 
depots, installed largely for reserve and emer* 
gency purposes, may be inactive over long 
periods of time. At these, the responsible 
commanding officer decides how complete an 
operating organization must be maintained^ If 
the depot remains inactive, all but the neces« 
sary skeleton organization may be assigned to 
other duties nearby, being returned for tem* 
porary duty at the depot from time to time. 

Even at an active depot, operations may be 
irregular. Small issues to barges and harbor 
tenders may constitute a regular daily business; 
large receipts from tank ships and large issues 
for off shore delivery, requiring extra help, may 
be only occasional. The organization, therefore, 
should be such that men can be shifted from one 
duty to another as required. 

Typical Organization 

The functions of a typical fuel supply depot 
fall into two distinct areas: control, which is 
concerned primarUy with the administrative 
aspects of inventory control; and material 
handling , which is concerned with physical 
receipt, storage, and issue of petroleum prod* 
uct. 

Inventory ccmtrol, \^ich is a subject in it- 
self, is covered in the BuSandA Manual , volume 
n, and therefore is not covered here. Material 
handling is an operational function and it is this 
operational area with which this chapter iis 
primarily concerned. A more complete de* 
scription of these operations appears in the 
Military Standardization Handbook Petroleum 
Operations . Mni.HDBK-201A. 



Personnel 

The exact titles of persons at fuel depo^«i 
vary ^rom place to place, owing to the dif- 
fere.;ce in ibe nature of local organizations. 
However, nomenclature used here indicates the 
types of Jobs to be performed at a typical fuel 
depot. 

At a large activity a supply officer will 
be the autiiority in direct charge of fuel receipts 
and issues. He is responsible for the receipt 
of fuels including^ (1) making the necessary 
arrangements for the delivery of fuels; (2) 
liandling the necessary accounting records; (3) 
taking all sterf^ necessary to assure himself 
of the quality of material received; and (4) 
taking all steps necessary to assure himself 
of the quantity of fuel received, and witnessing 
all tank anrf>^or compartment gages, wate;' 
gages, temperatures, and the like. 

At a fuel depot the individual having direct 
charge of all the fuel facilities is generally 
called the fUel officer , if he is a naval officer; 
. if a civUian, he is usually called the s uper* 
intendent . 

The person who works primarily in tank 
- farm operations is frequently called a gagw . 
He must be especially skilled in gaging tankk 
taking temperatures, and drawing samples} 
but he also supervises the opening and closing 
of valves and keeps or supervises the keeping 
of the logs and records. He should be able 
to make simple identification tests to ascertain 
the ^lity of the product and should be able to 
perform the functions of the pump operator as 
required. 

The operations supervisor of the tank farm 
is directly responsible for the operation of the 
tank farm. Through his supervisor, he must 
keep informed of all pumping operation's, the 
amount of cargo to be received, discharged, or 
transferred, tanks to be used, and such other 
information as is necessary for making advance 
preparation for pumping operations. Before 
any operation is started, he must prepare a 
written schedule showing exactly wbzt tanks 
and lines are to be used, the sequence of 
operations to be followed, the estimated rate 
of filling, and Oie approximate time whep 
switches will be made. During operations, hia 
checks the tramtfer of products against the 
schedule and corrects the schedule accordingly, 
informing bis supervisor of all deviatidns from 
the original plan. The operaticms supervisor 
informs the dock watch of all proposed tank 
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switches and of the exact time when a switch 
is to be made. He causes a log to be maintained 
containing a complete running record of all tank 
and transfer operations. It is also the re- 
sponsibility of the operations supervisor to 
ensure that all personnel assigned are ade- 
quately Instructed in operations and safety 
practices and that all such instructions are 
followed. Finally, he must ensure that storage 
tanks are gaged and sampled as required; that 
all required reports are properly prepared and 
submitted as scheduled; and that all orders 
issued by higher authority are followed. 

A helper usually assists in opening and 
closing valves, starting and stopping pumps, 
operating heaters and clarifiers, and doing 
any other necessary work, under the super- 
vision of the gager. 

A title such as petroleum inspector , is 
used to designate the person yAiose principal 
duties are the taking of samples, inspection of 
carco transportation equipment such as trucks, 
tank cars, barges and tankers and the testing 
of samples. He is also responsible for deter- 
mining the quality and quantity of products re- 
ceived or issued. The inspector is usually 
assigned to the depot and is responsible to the 
fuel officer for the depots quality surveillance 
program. When an inspector or other authority 
outside the depot is called in to help aibitrate 
points in dispute or to aid a board of investi- 
gation, regardless of the agency to which as- 
signed, he is referred to as a referee inspec- 
tor. 

The man supervising any given operation— 
such as an issue or receipt of cargo— may be 
called the watch supervisor . Sometimes, how- 
ever, his actual title may be dispatcher or he 
may, in effect, have the powers of a superin- 
tendent reporting directly to the fuel officer. 

The wharf man under the supervision of the 
watch supervisor or operations supervisor, 
performs operations at the pier, such as open- 
ing and closing valves, keeping the log, main-* 
taining telephone or other communications with 
the pump house, tank farm (field) and ship, and 
witnessing gages. He should be able to take or 
direct the taking of samples as well. The pump 
operator is the man in charge of the pump 
operations. He may also operate fuel oil 
heaters and diesel oil strainers and filters 
and may,, as required, perform the functions 
of the gager or wharfman. 



PIPELINES 

Since detailed information onpipeline opera- 
tion is provided by the Military Standardization 
Handbook, Petroleum Operations, previously 
mentioned, no discussion is included here. Aside 
from actual pipeline operations, there are two 
considerations relevant to petroleum logistics 
which deserve mention. They are: the standard 
method for identifying products carriedby pipe- 
lines, and certain pipeline pumping data. 

Identification Method 

Exact identification of petroleum products 
in each piping system is mandatory and istnade 
by means of lettered titles stenciled on the pipe 
adjacent to the control valve. The stenciled 
title identifies the contents by nomenclature and 
symbol. Titles are lettered on the pipe in such 
a manner as to be clearly visible from operat- 
ing positions. The use of stencils with standard 
size letters is recommended but for piping 
smaller than 3 inches in diameter, metal flags 
or signs, securely fostened to the pipe, may be 
used. 

In addition to the stenciled title, a standard 
method for identifying petroleum products in 
pipeline systems by means of color bands has 
been established. The purpose of this method 
of identification is to promote greater safety 
to personnel and to lesson the chance of error 
or confusion in times of emergency. It is 
emphasized, however, that the exact titte, sten- 
ciled on pipelines, is the principal identifying 
feature and that the color band or bands should 
not be relied upon as the sole means of identi- 
fication. 

The method of identifying petroleum prod- 
ucts in pipeline systems by color bands was 
established by MUitary Standard 161B. This 
method of identification is applicable at all in- 
stallations of the Department of Defense where 
camouflage or concealment is not required. It 
applies to all piping systems carrying petroleum 
products. A piping system is considered to be 
any pipe or part thereof used to convey liquid 
petroleum products and includes tank can and 
tank truck loading and unloading connections, 
storage tank valves, pump manifold and valves, 
cross country pipdines and booster pumps, oil 
tanker hose connections and valves, fill stems 
at aircraft fueling pits, hydrant refueling sys- 
tems and other fuel outlets. It is not applicable 
to aircraft, ships, power plants, and heating 
systems. 
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Yellow is assigned as a primary warning 
for all flammable materials in accordance with 
provisions of the basic color code for com* 
pressed gas cylinders and pipelines (MIL*STD» 
101 A). Petroleum products are considered as 
falling within this classification of materials. 
Under no circumstances may colors other than 
yellow for warning, and black and white for 
identification, be assigned to petroleum prod* 
ucts. Special attention is invited to the color 
red, which is assigned exclusively for the use 
of fire protection materials and equipment. All 
other piping systems not carrying petroleum 
products employ the warning colors assigned in 
MIL-STD-lOlA to the particular material. 

Bulk petroleum products generally used in 
the military system have been' classified and 
seglrogated into groups to facilitate the ready 
identification of product groups. This method 
establishes, defines, and assigns a yellow band 
or series of bands for recognition to each 
of six groups of similar^type products in a 
distinctive and conspicuous manner as a visual 
aid and supplement to the written identification. 
These groups are aviation gasolines, automo- 
tive gasolines. Jet fuels, distillates, heavy fUel 
(black) oil, and lubricating oils. 

The yellow bands separate and distinguish the 
various groups of petroleum products. Because 
of the infrequency of their Use, bands have not 
been assigned to lubricating oils but a flag or 
sign may be employed. Each flag or sign must 
have a yellow border, a minimum of 3/4 inch 
in width. 

When a single pipeline is used for transport- 
ing more than one product, a flag or sign identi- 
fying the product in the line at the time may be 
used in lieu of or as a supplement to the wide 
yellow identification band and nomenclature as 
illustrated. The yellow band in these instances 

- is at least 36 inches ihlwidth. An arrow painted 
in yellow may be used to Indicate the direction 
of flow of the product In the line. If used^ it ap- 
pears adjacent to the title and band(s). 

In instahces Where a piphig system isburied 
or inaccesirible and only a valve stem andirtieel 
are. exposed, a me^ flag or! brass disk is used 
as an aid in identifying the product in the line. 
The flag post may be permanently fixed to the 
pipeline or in concrete adjacent thereto. The 
brass identification disk is placed on tap of the 
valve ^Aieel under the nut on top of the valve 
stem. in concrete pits and under sto 

; conditions irtiere space wiU not pemnit banding 
and stenciling of the pipe; the vertical band(s) 



is painted on the wall adjacent to the pipe. The 
name of the product is stenciled horizontally 
in white-over-black across the band(s). 

Logistic Data 

This data provided by figure 14-2 may be 
used in petroleum operations planning. The 
pressure shown is that which is required to pump 
petroleimi products through pipelines over level 
ground. The curves are plotted to 7 ft/sec 
velocity. In logistic planning the data is useful, 
for example, in estimatingthe number of barrels 
of a given product which can be moved per hour 
through pipeline of various diameters. 



DRUM FILLING, RECONDITIONING, 
AND PRESERVATION 

Drum filling with gasoline, kerosine, diesel 
fuel, and lubes is frequently encountered. At 
overseas installations and continental activities 
vdiere commercial facilities are unavailable, 
drum reconditioning and preservation plants may 
be operated by the Navy. Moreover, large 
quantities of packaged products are stored at 
supply activities. The proper performance of 
these operations is necessary to: (1) ensure 
maintenance of product quality; (2) ensure safe 
operations; (3) reduce operating costs; and (4) 
ensure full utilization of steel, equipment, per- 
sonnel, and product. Because a wide variety of 
equipment jand operating conditions are en- 
countered, only general procedures are covered 
here. 



Drum Filling Operations 

Filling operations may be carried out with 
either permanent or temporary equipment. 
Either cans or drums may be filled. In any 
case, no filling can be done until the filling 
equipment and procedures are checked by the fUel 
officer or his designated assistant, and until an 
inspector approves procedures, ccmtainers, 
product, lines, and other equ^ment. 

When directed by the fUel officer to transfer 
bulk petroleum products into dean empty drums, 
the following principles and practices are fol- 
lowed: 

1. All drums to be filled are inspected for 
moisture, rust, and holing, for tight bung 
fittings, and for tight, perfect gaskets. Any 
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drums y^ich are found to contain liquid, moisture 
droplets, pitted or scaled rust, or any foreign 
material such as gravel, saiid, grease, and the 
like are not used for filling butare segregated for 
further cleaning or reconditioning as required. 
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Figure 14-2.--Pipeline data. 



2. Filling of drums is not authorized at any 
site where grounding cables and connections are 
not installed or are not in good condition. 
Grounding equipment is periodically inspected 
by fire prevention, safety, and electrical per- 
sonnel for satisfactory construction, instal- 
lation, and performance. 

3. No filling operation is permitted to be 
unattended or unsupervised at any time. Indi- 
viduals employed in filling operations must 
ensure that: (a) equipment is functioning prop- 
erly; (b) product is flowing smoothly; (c) only 
spark-proof tools are used in the area near the 
drum filling installation; (d) no welding or other 
hot work is being done in the vicinity while 
filling is in progress; (e) fire-fighting extin- 
guishers and equipment are available and prop- 
erly located; (f) no automotive or other internal 
'Combustion engine equipment is being operated 
within 100 feet of the filling location unless these 
vehicles are directly concerned with the move- 
ment of drums to or from the filling location. 
To ensure that no spills or overflows occur, 
employees must not leave the filling equip- 
ment while a drum is being filled. 

4. Each 55-gallon drum is filled with 53 
gallons of fuel. Care must be exercised that no 
more than 53 gallons of product are drummed 
since space must be left inside the drum to pro- 
vide for changes in volume due to temperature 
variations. 

5. After filling is completed the bungs the 
drums are replaced, tightened, and secured 
with spark-proof drum wrenches. New gaskets 
are used MiAienever tearing, deterioration, or 
warping of the original gasket is dbserved. A 
seal-type closure is also affixed to prevent 
tampering with the contents of the drum before 
delivery to the consumer. 

6. All drums are identifiedby stenciling im- 
mediatdy after filling in order to avoid errors 
in product identification. 

7. Filled drums must be carefully handled 
to prevent damage to the drums, friction- 
caused sparks, and injury to personnel. All 
personnd handling filled drums shouldbetrained 
and supervised to ensure careful handling in 
transit to the storage sites, loading into trucks, 
barges, and freight cars. 

8. Special precautions must be taken ^en 
lube^ oil is being drummed from bulk shipments 
or storage, or being decanted for bulk delivery. 
Such precautions are necessary in order^ to 
maintain the, quality of the lubricant. 
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Drum Reconditioning and Preservation 

Drums which are not returnable to contrac- 
tors but are suitable for reuse may be recon- 
ditioned or represerved. Drums lying in storage 
at primary stock points for extended periods 
are periodically checked to determine whether 
representation is required. In the interest of 
conservation and to maintain an adequate supply 
of ready- issue drums for regular or planned 
requirements, drums may be reconditioned if 
the costs involved can be justified. 

Reconditioning of dnmis consists of a com- 
plete exterior and interior reconditioning, in- 
cluding removal of interior rust^ chime work, 
removal of dents, painting the exteriors, testing 
for leaks, inspection of plugs and bungs, ap- 
plying rust preventive oil, and cap sealing of 
bung and plug holes. 

Represervation of drums pertains to clean- 
ing and repainting the exteriors, steaming out and 
degassing the drum interiors, testing for leaks, 
cleaning of flanges, inspectionofplugsandbungs, 
applying rust preventive oU, and cap sealing of 
bung and plug holes. 

All used drums are screened carefully to 
determine whether they can be used again. Some 
are suitable for reconditioning or represerva- 
tion. Others, having certain specified defects, 
must be rejected and disposed of in accordance 
with BuSandA Manual . All reconditioning of 
metal drums must be done in accordance with 
current military specifications. 



WATER FRONT OPERATIONS 

The ftiel officer and his principal assistants 
shoidd »?e fariUiar with established rules and 
regulai >ns governing water front activities. 
Water front personnel are the persons re- 
sponse ie for ensuring proper conduct of all 
phases of the fuel operations and ensuring com- 
pliance with local and Navywide regulations. 
They should not only know the regulations gov- 
erning shoreside personnel but should be thor- 
oughly familiar with customary rules for ships. 
.It is essential that all safety precautions be 
observed. 

Equipment and Facilities 

Bonding.— Electrical bonds and grounds be- 
tweeh^pipdinei^,' ships, and equipment are Com- 
mon requirements at all .fiiei: depots; cf specially 



if volatile products are to be handled. These 
electrical bonds and grounds are designed to 
prevent the occurrence of a spark which might 
ieniite combustible vapor and air mixtures. Such 
a spark may result from an accumulation of 
static electricity or may be due to stray elec- 
tric currents. 

When small issues of gasoline are made 
through an open hose nozzle, an electrical bond 
is required between the nozzle and the tank into 
which the issue is delivered. 

The bonding cable must be connected to the 
ship before the hose connection is made and it 
must not be removed until after the hose is dis- 
connected. As a further precaution this bond is 
closed and opened through an explosion-proof 
single-pole ground switch which is located at 
each manifold on a pier but at sufficient distance 
from the hose connection to ensure that no ^zrk 
occurs except in the switch, which of co .rse 
should not be open when the hose is connected. 
This is a stray current bond designed to pre- 
vent sparks between the ship, the pipelines, and 
the hose connections. 

The end of the bonding wire which is to be 
connected to the ship is equipped with a C- 
clamp or other similar device having sharp 
prongs or teeth to ensure a positive connection 
between the end of the cable and the metal sur- 
face of the ship which may be coated or painted. 

Safety Tools .^The use of standard or ap- 
proved nonsparking tools for all dock operations 
is good practice. Such tools must be carefully 
stored and handled to prevent loss. 

Hose and Fittings.— Thehoseshouldbetested 
tmder hydraulic pressure to one and one-half 
times the normal working pressure (not to 
exceed 150 psi) every 3 months tmless it is out 
of service. Hose stored wittiout use for more 
than 3 months must be tested before use. Hose 
that is stored should be protected by a brass 
screw cap fastened to the coupling or by a wooden 
pliig at each end of the hose. These devices pre- 
vent foreign matter from entering and causing 
trouble in pump impellers and contaminating 
petroleum products. New hose should be tested 
when received. If any hose is kinked or subjected 
to any unusual strain or if visual defects appear,;^ 
it must be tested before use. Tests should in- 
clude checks to ensure that the internal hose 
bonding is intact. The date of all tests should be 
stenciled on the hose in chronological sequence. 



FUNDAMENTALS OF PETROLEUM 



Flreflghting Equipment.^Flreflghtlng equip- 
ment on piers usually is of a portable type. 
During most operationsi especially when vola- 
tile products are being transferred, fire hoses 
on ship and shore mustbelocatednearthe scene 
of operation and readied, under pressure, for 
Immediate use. Extinguishers, usually in a bank 
arrangement, should be immediately available, 
and yet located at a safe distance from the most 
likely source of fire. Wharf men should know how 
to operate all standby portable extinguishing 
equipment. 

Communications.-Adequat e communica- 
tions, preferably telephones (which shoidd be 



spark-proof type), shoidd be available on piers, 
to contact pump rooms, or control rooms. 
Walkie-talkies may be desirable in some in- 
stances, and may be used if they are a non- 
sparking type. A source of communication to 
ship's pump rooms should also be available to 
the pier force v^ile operations are in progress. 

Hose Handling Equipment.-Derricks are 
commonly provided on piers for handling hoses 
which are over 4 inches in diameter. (One 
method of rigging a hoseisshowninfigure 14-3. 
At certain locations small movable cranes may 
be used.. Such equipment is generally selected to 
meet the requirements of individual installations. 




Figure 14-3;-.Rigging a hose at a fueling depot. 
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These facilities are normally needed to suspend 
hoses and to allow for movement of the ship 
during transfers. Hose dollies are very useful 
for moving and supporting hose on docks. 

Gaging Equipment.--Equipment used for gag- 
ing on piors is the same as regular gaging 
equipment. 

Sampling and Testing Equipment.^Equip- 
ment used on piers for sampling and testing is 
the same as that used in the laboratory. 

Clarifiers and Prdieaters.— Depots issuing 
diesel fUel oil are normally provided with clari- 
fiers for removing water and sediment. A clari- 
fier consists of a leaf strainer followed by an 
absorbent element such as fuller's earth. Pre- 
heaters may also be provided for raising the 
temperature of the oil to the temperature re- 
quired to realize the rated capacity of the equip- 
ment. 

Duties of FuA Depot Personnel 

A regular inspection must be made of the dock 
and the facilities provided at the dock to ensure 
that all lines and valves are so locatedthat they 
will be easily accessible and protected from ex- 
ternal damage, that at least one suitable small 
boat or launch is available and accessible at all 
times for emergency use, and that a sufficient 
number of cork ring buoys with life lines at- 
tached or other life preservers are located at 
convenient and designated points. The ftiel 
officer is responsible for ensuring that emer- 
gency ladders and necessary emergency fire 
equipment including portable ddinguishers, fire 
hose, blankets, sandboxes, or filled water bar- 
rels, and the like, are available and on the wharf. 

Before transfer operations, the ftiel officer 
or the superintendent must see that the cargo 
hose is of the type required for the product to be 
handled, that it is provided with a built- in ground- 
ing conductor, and that it is in good condition. 
He must ci vck all iKdiarf lines to see that they 
are properly bonded to a ground placed below 
low water lev^l at a point near the unloading 
connections, and also at the shore line if the 
wharf approach is a long one. 

The time of the arrival of a tanker vAich is to 
tmload and the kind and amount of petroleum 
product to be received should be known before- 
hand, if permitted by intelligence restrictions, 
and all arrangements for its receipt made 24 
hours in advance if possible. 



If feasible, the ftiel officer or superintendent 
should prepare and issue written orders to desig- 
nate: berth to beused,pipelinestobeused, num- 
ber and sizes of hoses to be connected, tanks 
into which cargo is to be received, pump house 
and pumps to be operated; number of samples to 
be taken, y^ere and when; ^d tests required. 

These orders should describe specifically 
any line cleaning or displacement operations to 
be performed and any blinds to be inserted or 
removed as well as the locations v^ere samples 
are required. Necessary gaging and sampling of 
lines and tanks should always be performed in 
advance of arrival. 

The ftiel officer should designate the posting 
of regular personnel and should arrange for any 
extra labor needed to handle lines and connect 
hose, as well as for special assistance such as 
tug or pilot if required by the ship. All gear 
necessary for mooring the ship and receiving the 
cargo should be ready for use on the wharf. 

Before the ship is moored, the wharf pipe- 
lines should normally be filled. It is impossible 
to secure an accurate measurement of receipt 
unless the lines are completely full, or com- 
pletely empty with the exact line volume known. 
However, it is permissible to empty certain 
parts of the line system by gravity or by pump 
between the opening and closing gages if ap- 
propriate volume corrections are made. 

The fuel officer or the superintendent nor- 
mally takes charge of dock operations v^en any 
large vessel is being moored or when large 
transfers are started and stopped. If JP-4 fuel 
or gasoline is transferred, the fuel officer or 
superintendent should personally supervise the 
critical points of the operation and be avail- 
able during the entire operation. 

The fuel officer may also visit the tanks, 
pump houses, and other parts of the property 
where the most important operations are being 
performed. He must ensure that all logs are 
kept, necessary samples taken, receipts and in- 
voices executed,^ and safety precautions ob- 
served. The fuel officer must kefep the super- 
intendent informed of his whereabouts at all 
times so that he can be reached immediately in 
case of an emergency. Furthermore, it is the 
ftiel officer's responsibility to^escort the ship's 
officer or inspector to the tank field when gages 
and samples are . to be witnessed. It is the duty 
of the fuel officer, superintendent, and vrtiarf- 
man, as well as the guard, if ther^j is one, to see 
that security^regulations are observed. Also, if 
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any hazardous corf!4tion dpvf^iops during opera- 
tions, the fuel officer or superintendent must 
immediately clear the )vharf of all persons not 
absolutely essential for the continuance of op- 
erations. 

Although it is the responsibility of the ship's 
officer to provide a hose watch when cargo is 
being discharged to shore tanks , thefuel officer, 
superintendent, or wharfman should not assume 
that the required hose watch has been provided 
until notified of this fact. If the hose watch has 
not been provided by the ship's officer, the ftiel 
officer or superintendent should provide a watch 
and immediately notify the ship's officer of this 
fact. 

When vessels are being loaded, the depot pro- 
vides a dock hose watch to stand by at all times. 
It is the responsibility of the hose w.'^tch to 
close the wharf valve and to order pumping or 
gravity transfer stopped if the ship reciuests it, 
if any oil spill or serious leak is observed, if 
oil is seen on the surface of the water, or if any 
other circumstances warrant it. Failure to es- 
tablish a hose watch is one of the most dan- 
gerous breaches of safety rules. (Hosebreakage, 
either^ at Navy or commercial docks, has been 
a rare occurrence but has happened, with dis- 
astrous consequences, "when gasoline was being 
transferred.) At least one experienced and 
responsible >K^arfman, in addition to the dock 
hose watch, should remain on duty at the dock 
during the entire period of bulk cargo transfer. 

No one is permitted to leave his post of duty 
during cargo transfer until he is properly re- 
lieved. Personnel responsible for making entries 
in the logs or field bdqks must complete their 
records and must review them with their relief 
personnel until mutual understanding is reached. 
All matters of possible importance shouldbere- 
vieiyed until the man coming on Oaty is fUlly 
aware of the situation and the ex ct condition of 
all facilities being employed. 

Duties of Ship's Personnel 

The responsibility for safe mooring rests 
with the ship,butthe shore personnel must assist 
in every way possible. Port officials or the fuel 
officer must not allow a vessel to moor if any 
serious and unusual hazards are apparent. The 
position of the ship should be spotted by the fuel 
officer or superintendent in the proper location 
to make connections in accordance with pre- 
vious orders and arrangements. The terminus 
of a mooring line at bollards should bea manila 



line that can be cut with an ax in an emergency, 
unless other means of emergency release are 
provided. In the absence of local regulations to 
the contrary, it is recommended that no ship be 
allowed to moor adjacent to or within 200feet of 
a ship which is transferring bulk cargo unless 
the port officials, fuel officer, and the officerof 
the ship transferring cargo agree that it is safe. 
If there appears to be a hazard, cargo transfer 
must be interrupted until the second ship is 
safely moored. (There is always a special hazard 
if a volatile product is being loaded; therefore, 
transfer operations should be stopped until the 
second ship is moored.) 

The responsibility for the safe handling of the 
ship's facilities rests with the ship's officers. In 
general, the txel officer of the depot and the 
superintendent assume that the ship is duly db- 
serving her dbllgations unless surveillance dis- 
closes an unsafe condition. If the ship should 
appear to be following an imsafe practice, the 
cargo transferor issue is stopped at the direc- 
tion of the fuel officer , or his representative, un- 
til an agreement can be reached with the ship's 
officer. 

During the entire time of bulk oil transfer, 
there will normally be at least one deck officer 
and one engineer officer on duty on the ship. 
Obviously, this rule, applicable to large ships, 
is to be interpreted to suit the actual personnel 
in issues to small carft. 

All personnd involved in fuel operations 
should always be alert for hazards and call 
them to the attention of the proper personnel for 
corrective action. 

Personnel required for performing hose 
handling and operations aboard ship are those 
required by standard ship or naval practices. It 
is generally the responsibility of ship personnel 
to perform all actual connecting and disconnect- 
ing of the hose couplings aboard ship and to be 
responsible for safe completion of such func- 
tions. The depot fuel officer, however, should 
review and inspect conditions both ashore and 
aboard ship before operations commence, to 
ensure compliance with good safety practice. 

As previously mentioned, ^en cargo isbelng 
discharged from a ship to shore tanks, it is cus- 
tomary for the ship to provide a hose watch to 
stand by at all times to raise or lower the hose, 
to watch for strains or chafing of the hose, to 
close the ship's valves, or to signal the pumper 
in the event of emergency. The hose watchmust 
observe closely the pressures ongages attached 
to the wharf risers and ship connections. 
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Importance of Quality Surveillance 

The importance of quality surveillance and 
the alertness of allhands concerned in the trans- 
ferring of petroleum products cargoes cannot 
be overemphasized. Although it is the direct 
responsibility of the petroleum inspector to 
check all operations, each member of the op- 
erating force is required to report immediately 
any deviation or change in flow or pressure that 
occurs. It is equally important that checks and 
tests be made during the transfer of products as 
well as at the beginning and ending of operations. 

Night Operations 

Cargo transfers at night Involve increased 
hazards and should therefore be permitted only 
^en this procedure cannot be avoided. Night 
loading of volatile fuels is especially hazardous 
and requires that thoroughly adequate vapor- 
prpof flood lighting be provided. During night 
operations, the entire working surface of the 
vAiarf and the deck of th6 ship should be lighted 
by floodlights if possible. 

All personnel mustbe provided with approved 
safety flashlights, or electric lanterns, and must 
carry them, ready for use, in case of failure of 
general illumination. 

Special precautions must be observed intop- 
ping off tanks whether they are the ship's tanks 
or shore tanks. This operation should be con- 
ducted at a safe speed— which is less, usually, 
than that permitted during daylight hours— under 
the direct supervision of the ship's officer and 
the superintendent. 

During night transfer, especially when load- 
ing or fueling vessels, both the ship and the 
fuel depot should assign a man for continuous 
patrol of the wbsirt and ship to watch for any 
hazardous condition such as leaks, overflow of 
tanks, and appearahce of oil on the surface of 
the water. In addition, one or more m&i should 
be assigned to patrol the dhore pipelines, if any 
hazard is thought to exist. Such hazards might be 
exposed lines; places where oil from leaks might 
enter the harbor, railroad tracks, city streets, 
or buildings; or locations where the lines or 
valves may be tampered with. 

WASTE OIL AND BALLAST WATER 

Sources of Waste Oil . 

Every depot will sooner or later be con- 
fronted with the problem of disposing of waste or 



off- specification oil. Such material may ac- 
cumidate from several sources, including water 
emulsified in the oil, by accident, in the depot; 
reaction of incompatible oils that have been 
mixed; foul or wet oil and sludge received from 
the defueling of ships; oil separated from oily 
ballast water; sludges or bottom sediment ac- 
cumu^^ating in the bottoms of storage tanks after 
a long period of time; oil yihich has been spilled 
and then recovered from sumps, harbor basins, 
or other spaces; and oil contaminated by gas- 
oline. 

Disposal of Waste Oil 

If a depot has but little of this kind of waste, 
and it is combustible, it may beburned in a sump, 
but a practical use for it should be sought. If it 
will not burn completely, the residuum may be 
buried or dumped in waste land, or theoil may be 
used to exterminate mosquitoes, ortolaythedust 
on roads. Only rarely,if ever, will such material 
make a good road binder or be a substitute for a 
regidar asphaltic road oil, but it may serve to 
settle dust. 

Treatment of Waste Oil 

If the amount of waste oil is large, it may, in 
many cases, be cleaned and made into a useful 
fuel by simple treatment even though the result- 
ant oil may not meet Navy specifications for fuel 
oil. A collected spill of diesel oil probably never 
would be usable as diesel fuel oil. 

As a first step in the treatment of such waste 
material, free water that will settle isdrawn off, 
This operation may be accomplished either in 
tanks or sumps. Ordinarily, the next step in 
treating the residual oil and emulsion is to heat 
it. Various types of equipment are used. 

In many cases simple heating will suffice to 
remove most of the water from the oil and leave 
a material that is burnable imder the depot 
boilers or which may be used in other equipment 
having requirements which are not critical. 
The oil may not meet specifications^probably 
will not— but if it can be used locally, no more 
effort is Justified. Oil may often be perfectly 
burnable in uot too encting equipment (steam 
atomizing burners) even if it contains a good deal 
~of water in the form of emulsion. 

Waste oil may also be treated c^iemically. 
As a rule the treatment is controlled on an em- 
pirical basis; that is, a sample of the material 
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to be treated is heated and dosed with the pro- 
posed chemical reagent before an attempt is 
made to treat the main batch. Emulsions may 
also be broken by electrical means and by fil- 
tration. Neither process, however, is adaptable 
to the ordinary needs of a fuel depot. 

Special filters are used at depots to clarify 
diesel fuel oil* These will remove small amounts 
of emulsion that may be formed in handling the 
fuel. If a diesel fuel oil appears to be cloudy, it 
should be cleared up immediately by beating to 
between 1 Wand llO^'F and allowed to settle. Any 
free water that se^'les out should be drawn off. 

Avoidance of Emulsion Formation 

The quality of the waste oil received by a de- 
pot from some sources, such as ship'sbunkers, 
is uncontroUableasforasthedepot is concerned, 
but, by exercising reasonable care thedepotcan 
avoid ttie unnecessary formation of emulsion in 
its own operation* Bforeover, it can sometimes 
avoid the Indiscriminate mixing of waste from 
several sources, some of which mig^t be readily 
reclaimable separately but ml^t bemadeunre- 
claimable by mixture with the rest. In the first 
place, wet oU, or oil recovered from spills or 
sumps should always bekeptseparateandshould 
not be mixed with clean oil. If f^ee water is 
churaed up with oil, as in passing through a pump 
or a relief valve, and Inparticular, a centrifugal 
pump, the formation of a more or less stable 
emulsion is rather likely. Transfer of oil con- 
taining free water, by centrifugal pumps, is 
therefore to be avoided. 

Certain precautions whendetUeling will avoid 
contamination. Soil or clay such as may be con- 
tained In oU recovered from spills is apt to act 
as an emulsifying agent. SUch bll, prdbably con- 
taining free water, should not be pumped unnec- 
essarily or agitated. Under no circumstances 
should oil removed from the ship's bunkers be- 
fore the ship goes to drydock or repair pier be 
assumed to be clean and transferred to clean 
fUel storage without adequate testing. The result 
may be the contamination ofagreatdealof clean 
oil. If there is not timeto make sure of the qual- 
ity of the oil before dehieling, at least it may be 
pumped Into an empty tank pending examination. 
Every effort should be exercised to keep water 
in any form out of the depot tanks and pipelines 
and to use separate lines for ballast water and 
contaminated oils. 



Oil Reclamation 

Regular oil reclamation plants normally in- 
clude several tanks MAiich are of steel and suit- 
able for operation to 200^ F temperature. Also, 
there are heaters, pumps for circulation, and 
some kind of separator for removing most of the 
oil from the free water before it is discharged 
Into public waters. Oil is received Into one or 
two tanks from which any tree water can be re- 
moved. The oil is then heated in the steel tanks 
and further free water drawn off, chemicals 
being added if necessary. Finally, the clean oil 
is drawn off to the reclaimed oil tanks and dis- 
posed of according to its quality. 

If a depot is not equipped with such a plant, 
facilities may be improvised. Under extreme 
wartime conditions, one or two of the main 
storage tanks can be equipped with swing lines 
and the tanks may then be used for receiving wet 
oil, permitting preliminary draining of water 
which is possible after moderate heating. The 
oil may then be transferred toa steel tank equip- 
ped with colls for further treatment at higher 
temperature. 

Disposal of Ballast Water 

Tankers pump as much ballast as possible 
oveiboard at sea before entering the harbor but 
if wind and weather are unfavorable, a tanker may 
arrive at the dock with several thousandbarrels 
of ballast still aboard. Any depot that loads tank 
ships, therefore, will have to solve the prbblem 
of ballast disposal. This problem does not ordi- 
narily arise In loading harbor barges. 

Oily ballast water is best received into a tank 
throufl^ a separate line reserved for that pur- 
pose. When a reclamation plant is available it is 
used to receive andtreatballastwater.Ifa depot 
does not possess an oil reclamation plant nor 
have a separate tank and sq>arate shore line 
available, a series of earthen pcmds maybe used 
for discharge and settlement. The depot may have 
a basin separated from public waters by a dike, 
as vAen a dredged fill is gradually being built. 
Such a pond would be a good place to pump 
ballast after settlement, avoiding any question 
of pollution of public waters, provided the sub- 
soil is not too permeable. (Advice regardingthe 
design of such focllities is provld/ed by the 
Bureau of' Yards and Docks.) Oil rising to the 
sur&ce may be reclaimed or burned according 
to prescribed procedures. 
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GAGING OPERATIONS Importance of accurate, correct gaging cannot 

be over* emphasized. It is only on the basis of 
Gaging operations are an integral part of accurate gaging that the fuel officer can main- 
fuel depot operations. This includes the meas* tain correct information on his receipts, amount 
urement of product in the tank, and depth of of product in storage, and amount of issues, 
water, if any, inthebottom. Also,itis necessary (Refer to Chapter 6, Measuring and Sampling 
to know the oil temperature and API gravity Petroleiun Products for a more detailed dis- 
in order to correct to volume at 60^ F. The cussion of gaging operations.) 
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Absolute Viscosity: The force required to move 
a plane surface of one square centimeter over 
another plane sturface at the rate of one centi- 
meter per second when the two surfaces are 
separated by a layer of liquid one centimeter 
in thickness. 

Absorption: The physical assimilation of one or 
more components of a gaseous or vapor phase 
into a second phase (liquid or solid), the 
equilibrium distribution of absorbed ma- 
terial in absorbent tending toward homo- 
geneity, as contrasted to the surface phe- 
nomena of adsorption. 

Absorption Oil: An oil with a high solvent power 
for light hydrocarbons which are present in 
natural or refinery gas. 

Absorption Plant: A plant for recovering the 
condensable portion of natural or plant gas, 
by absorbing these hydrocarbons in an ab« 
sorption oil (often under pressure), followed 
by separation and fractionation of the ab- 
sorbed material. 

Acid: The term as used in connection with 
petroleum usually means sulftiric acid 
(H2SO4) and its aqueous solutions. 

Acidity: The amount of free acid in any sub- 
stance- In lubricating oils, acidity denotes 
the presence of acid-type constituents whose 
concentration is usually defined in terms of 
neutralization number. 

Acidizing: A method used to increase produc- 
tion from an oil well. Hydrochloric acid is 
pumped outward from the well bore into the 
surrounding formation to dissolve limestone 
or sandstone, thus making larger flow ^an* 
nels. 

Acid Treating: A process for removing unde* 
sirable constituents of oil by contacting with 
sulfuric acid. The acid sludge which is 
formed by the action of the acid on the oil 
is separated from the oil and t^es with it 
coloring matter, some sulfuric compounds, 
and unstable bodies, leaving the oil, after 



finishing by neutralizing, rerunning, or clay 
treating, lighter colored and a more stable 
product than before (if not treated toofar). 

Additives: Chemicals which are added in minor 
proportion to a parent substance to create, 
enhance, or suppress a certain property or 
' properties in the parent material. 

Additive-type Oil: A lubricating oil to which 
chemical agents have been added in the re- 
fining process to make it particularly suit- 
able for its intended use. 

Adsorption: The adhesion of molecules of 
gases or liquids to the surface of other 
bodies, usually solids, resulting in a rela- 
tively high concentration of the gas or solu- 
tion at the point of contact. 

Alkali: Any substance such as ammonia, hy- 
drated lime, or caustic soda containing a 
reactive oxide, which forms salts when 
reacted with acids. In chemical circles it is 
often spoken of as a base. 

Alkaline: Having the properties of an alkali. 

Alkalinity: The amount of tree alkali in any 
substance. 

Alkyl Radical: Any radical of the saturated 
paraffinic series, such as methyl (CH3); 
ethyl (C2H5); propyl (C3H7); etc., having the 
general formula CnH2n h 

Alkaylate: Product oU9}: ^ in the alkylation 
.process. Chemically, it is a complex 
molecule of the parafkinic series, formed 
by the introduction of an alkyl radical into 
an organic compound. 

Alkylation: An inqportant synthetic process for 
the manufacture of components for aviation 
gasoline. 

Aluminum Base Grease: A grease composed 
of a mineral oil thickened with aluminum 
soaps. 

Anhydrous: Destitute of water, especially water 

of crystallization. 
Aniline Point:' The nUnimum temperature at 

which equal volumes of dry, freshly distilled 
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aniline and petroleum products are com- 
pletely miscible. 
Anticline: Folds of earth layers which are 
bent in such a fashion that they are convex 
upward. 

Antiknock: Resistance to detonation or ^ ^ping- 
ing" in spark-ignited engines. 

Antiknock Agents: Chemical compounds which, 
when added in small amounts to the fuel 
charge of an Internal- combustion engine, 
have the property of suppressing or at least 
of strongly depressing knocking. The prin- 
cipal antiknock agent which has been de- 

r veloped for use In fuels is tetraethyllead* 

Antioxidants: Chemicals added to gasoline, 
lubricating oils, waxes, and other products 
to inhibit oxidation. 

API: The initials of the American Petroleum 
Institute. 

API Gravity: Arbitrary scale for measuring 
the density of oils, adopted by the American 
Petroleum Institute. 

Its relation to specific gravity is expressed 
as follows: 

A" %p. gr.al'eoWr 131-5 



sp. gr. ateoVeo^'F 



141.5 



131.5 + degrees API 



Aromatic Hydrocarbons: Hydrocarbons derived 
from or characterized by the presence of the 
benzene ring. Many of this large class of 
cyclic and polycyclic organic compounds are 
odorous. 

Aromatization: Rearrangement of saturated or 
unsaturated straight-chain hydrocarbons 
(provided they contain the necessary num- 
ber of carbon atoms) into ring structures, 
with subsequent dehydrogenation to form 
aromatic hydrocarbons of excellent anti- 
knock characteristics or dehydrogenation of 
naphthenes to form aromatics* 

Ash: Aiorganic residue remaining after ignition 
of combustible substances, determined by 
definite prescribed methods. 

Ash Content: An e^qpression of the inorganic 
matter in a combustible inaterial. It is de- 
termined by completely burning the sub- 
stance and weighing the residue. 

Asphalt: Brown to black solid or semisolid 
bituminoxis substance occurring in nature 
. or :pbtained as a residue from cracked 
stocks or from the distillation of certain 



crude petroleums. It consists chiefly of a 
mixture of comparatively nonvolatile hy- 
drocarbons and their derivatives (e. g. sul- 
fur compoimds)i but usually contains some 
mineral matter. 

ASTM: The initials of the American Society for 
Testing and Materials. 

ASTM Distillation: A distillation test made on 
such products as gasoline and kerosine to 
determine the initial and final boiling points 
and the boiling range. 

Atmosphere: The mass of air surrounding the 
earth. The pressiure of the air at sea level 
is used as a unit of measure. 

Atmospheric Pressure: The pressure of air 
exerted equally in all directions. The 
standard pressure is that at sea level under 
which a mercury barometer stands at 760 mm 
equal to 14.7 lbs./sq. in. 

Average Samples: A sample so taken as to con- 
tain parts from all sections of a container or 
pipe, in proportion to the volume of each part. 

Ballast: Water, usually salt water, carried in 
tanker cargo tanks when free of petroleum 
products in order to reduce buoyancy and im- 
prove stability and sea-keeping qualities. 
Ballast may be clean or airty, depending on 
whether it is contaminated with petroleum 
products. 

Barrel: Petroleum industry uses 42 gallon 
barrel as the standard barrel. i 

Baume Qravily: Specific gravity expressed on 
the Bamne scale for liquids lighter or 
heavier than water. However, the API scale 
is now used for liquids by the petroleum in- 
dustry instead of t)ie Baum^ scale. Both 
scales are identical for liquids as dense as 
water, but for very light oils, there is a 
difference. 

B/D: Abbreviation for barrels per day. 

Benzene (Benzol): A hydrocarbon of the com- 
position CgHg and the initial member of the 
aromatic or benzene series. Its molecular 
structure is conceived as a ring of six carbon 
atoms with double linkage between each al- 
ternating pair and with hydrogen attached to 
each carbon atom. 

Benzene Ring: A six-membered ring of carbon 
atoms, joined together by alternate single 
and double bonds, present in all aromatics. 

Benzine: A colorless, flammable, and volatile 
liquid obtained from petroleum by fractional 
distillation and consisting of various hydro- 
carbons. The term has been applied to 
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various petroleum distillates lighter than 
kerosine, especially when these are used as 
solvents. It is totally distinct from the 
aromatic hydrocarbon benzene. ASTM states 
that this term is archaic and misleading and 
should not be used. 
Benzol: See benzene. 

Black Cargoes (Dirty Cargoes): A general 
term used to describe liquid cargoes of 
crude^oil, diesel ftiel, or fuel oils. 

Black Oil: A general term applied to crude 
oU and the heavier and the darker colored 
petroleum products such as residual ftiel 
oils. 

Blended Fuel Oil: A fuel oil which is a mixture 
of residual and distillate fuel oils. 

Blow-By: In internal combustion engines, 
leakage of combustion gases from com- 
bustion chamber, past the rings, into the 
crankcase. 

Boiler Fuel Oil: A ftiel oU which is burned 
in the furnaces of boilers to generate heat. 

Boiling Point: The temperature at which the 
vapor pressure of a liquid is equal to the 
pressure of the atmosphere. The tempera- 
ture varies with the atmospheric pressure. 

Bomb: Steel cylinder with screwed-on head 
used as testing device for conducting oil 
tests under high pressure. Used for test 
methods such as Reid Vapor Pressure and 
gum in gasoline. 

Booster Stations (Pumping Statiofis): Suitable 
storage tanks, motive power, and pumps for 
pumping oil through pipe lines. 

Bottoms: In a distilling operation, that portion 
of the charge remaining in the still or flask 
at the end of the run; in pipe stilling or 
distillation, the portion which does not vapor* 
ize. 

Bottom Sediment and Water (B S & W): A test 
made on fuel oils, crude oils, and used 
crankcaise oils to show the approximate 
amount of sediment and water. 

Breathing: The movement of gas (oil v^rs or 
air) in and out of the vent lines of storage 
tanks due to alternate heating and cooling. 

Bright Stocks: ^ Pressure distillate bottoms 
which have ^ had petrolatum wax removed 
and which have been filtered so that the 
stock has a low cold test and a good color 
(dark red by transmitted light and green 
reflected light). Bri^t stock constitutes the 
body of lubricants manufactured for internal 
combustion engines. 



B S & W: Abbreviation for bottom sediment and 
water. 

Btu: Abbreviation for British Thermal Iftiit, a 
unit of heat commonly used in heat engineer- 
ing. It is the amount of heat necessary to 
raise the temperature of one pound of water 
one degree Fahrenlieit. 

Bubble-Cap Tower: A fractionating tower so 
constructed that rising vapors pass through 
layers of condensate on a series of plates. 
The vapor passes from one plate to the next 
above by bubbling under one or more caps 
and out through the liquid on the plate. In 
bubbling through the liquid the less volatile 
portions of vapor condense on the plate and 
overflow to the next lower plate and ulti- 
mately back into the reboiler. Fractionation 
is thereby effected. 

Bunker: n. A compartment below deck for stor- 
ing fuel used in the boiler -firing of a ship; 
V. i. to load fuel into a vessel's bunker for 
its own use as distinguished from loading it 
as cargo. 

Bunker ''C": An obsolete ter mused to describe 
a commercial fuel similar to Navy Heavy. 

Bunkering Fuel: Fuel used in the boiler -firing 
of ships. 

Burner Fuel Oil: A fUel oil which is used pri- 
marily in oil-burning equipment for the 
generation of heat in furnaces for heating 
buildings. 

Butadiene: A hydrocarbon (diolefin) used to 

make synethtic rubber. 
Butterworth: A commercially developed method 

of cleaning and gas-fireeing tanker cargo 

tanks with hot water sprayed from a special 

machine. 

Cable Tool Drilling: A method of drilling in 

which a steel bit is alternately raised and 

lowered to strike the formaticm. 
Calcium Base Qrease: A grease composed of 

a mineral oil thickened with calcium (lime) 

soaps. 

Carbon Black: A substantially pure form of 
finely divided carbon produced from gaseous 
hydrocarbons by controlled combustion with 
restricted air supply (furnace black) or by 
impingement of over-ventilated small flames 
on iron surfaces (channel black). It is used 
as a filler in the rubber industry being es- 
pecially valuable by virtue of the improved 
wearing quality which it imparts to tires. 
Smaller quantities are used as pigment in 
printing inks and paints. 
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Carbon Residue: The residue remaining after 
volatilizing an oil under specified conditions. 

Casing^ead: A fitting at the top of the casing 
(or outer pipe) of an oil or gas well, which 
permits cleaning, pumping, and the separa- 
tion of oil or gas. 

Casinghead Gasoline (Natural Gasoline): Gaso- 
line recovered from the gas issuing from the 
casinghead of oil wells and the gas from 
natural gas wells. 

Catalyst: A substance which effects, provokes, 
or accelerates reactions without itself being 
altered. 

Catalytic Cracking: A method of cracking in 
which a catalyst is employed to bring about 
the desired chemical reaction. 

Caustic: An aqueous solution of sodium hy- 
droxide (lye) used for the neutralization of 
oils following acid treatment 

Centipoise: 0.01 poise or centistokes times 
specific gravity at a test temperature. 

Centistokes: 0.01 stoke. 

Centrifugal Separator: A machine utilizing 
centriftigal force to separate two phases 
of differing gravity--*such as wax from oil 
or acid sludge from treated oiL 

Centrifuge: An instrument for separating liquids 
of different specific gravities by use of 
centrifugal force. 

Cetane: A saturated liquid hydrocarbon used 
as the primary reference fuel when determin- 
ing the ignition characteristics of diesel 
ftiels. 

Cetane Number: Diesel fuel ignltablllty per- 
formance measured by the delay of com- 
bustion after injection of the ftiel. It rep- 
resents a comparison of a fuel with standards 
which are cetane in alpha-methyl-naphtha- 
lene. 

Christmas Tree: An assembly of pipes and 
valves, at the top of the casing of an oil well, 
which controls the flow of oil from the well. 

Chromometer: An instrument used for de- 
termining the color of gasolines, kerosines, 
and white oils. 

Clean Cargoes: Cargoes such as aviation and 
motor gasolines, diesel , oils, jet fuels, kero- 
sines, and lubricating oils. 

Cloud Point: The temperature at which paraffin 
wax or other solid substances begin to 
crystallize out or separate from solution 
when an oil is chilled imder prescribed con- 
ditions.) 

Cohesive: When referring to grease or oil, 
good cohesive properties mean that the 



various particles of the lubricant hold tightly 
together and resist being pulled apart by 
mechanical action such as occurs in gears 
and bearings. 
Coke: The carbon residue left in the stilll after 
a charge of reduced crude oil has been run 
to dryness. Coke is largely carbon and is 
used mostly as a domestic fuel, but has some 
sale for special purposes, such as carbon 
electrodes. 

Coking: The process of distilling a charge of 
oil to coke. In the last part of a coking run 
on a shell still, the bottom of the still is at 
a red heat and most of the volatile matter is 
driven out. leaving the coke hard and dry. 

Cold Pressing: The process of separating wax 
from oil by chilling and filtering under 
pressure. 

Cold Settling: A process used for the removal 
of petrolatum wax from cylinder stock and 
high viscosity distillates. A naphtha solution 
of the oil is chilled and the wax crystallizes 
out. It is then allowed to stand until the wax 
settles to the bottom leaving a clear, nearly 
wax-free oil-naphtha mixture at the top which 
is stripped of naphtha, after percolation 
through clay, to produce bright stock. 

Colorimeter: An apparatus used to determine 
the color of petroleum products. 

Combustible: The general term describing any 
material that will burn. However, in the case 
of petroleum products only those which give 
off flammable vapors above 80^ Fare classed 
as combustible. 

Combustion: The act or process of burning. 
Chemically, it is the process of rapidoxida- 
tlon caused by the union of the oxygen of the 
air, which is the sxipporter of combustion, 
with any material that is capable of oxidation. 

Commingling: The admlxtwe of two or more* 
petroleum products resulting from improper 
handling, particularly in pipe line or tanker 
operations. 

Composite Sample : A sample which is a mixture 

of samples taken from thetipper, middle, and 

lower thirds of a container. 
Compound: A substance formed by the union of 

two or more chemical elements In definite 

proportions by weight. 
Compound Oil: A mineral oil to which animal 

or vegetable fat has been added. (Later 

usage has included the addition of oth^r 

additives.) 

Compounding: The^ dissolving of animal or 
vegetable fatis or waxes such, as sperm oil 
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in petroleum oils in order to impart special 
properties. For example, steam cylinder 
oils usually contain 5 percent to 10 percent 
animal fat in order to make them emulsify 
readily with water and maintain a lubricating 
film on wet cylinder walls of a steam operated 
compressor. 
Condensate: The liquid product coming from a 
condenser. 

Conradson Test: A carbon residue test method 
for determining the amount of carbon de- 
posited after oil has burned. In this method, 
a sample of oil is tested by driving off 
volatile portions, weighing the residue, and 
calculating the percentage of original oil. 

Consistency: A measure of 'the solidity or 
fluidity of semi-solid products such as 
grease, petrolatum, and asphalt. 

Contamination: The addition to a petroleum 
product of some material not normally 
present as dirt, rust, water, or another 
petroleum product. 

Corrosion: Detrimental change in the size or 
characteristics of material under conditions 
of exposure or use. It usually results from 
chemical action either regularly and slowly 
as in rusting, or rapidly as in metal picking. 

Cr racking: Breaking down an organic compound 
with a high molecular weight to form com- 
pounds of smaller molecular weight 

Crude Petroleum: A nattirally occurring mix- 
tiure, consisting predominantly of hydrocar- 
bons, and/or of sulfur, nitrogen and/or 
oxygen derivatives of hydrocarbons, which 
is removed from the earth in liquid state or 
is capable of being so removed. Crude 
petroleum is commonly accompanied by 
varying quantities of extraneous substances 
such as water, inorganic matter, andgas. 

Cup Cbrease: Originally used to indicate a 
grease for use in compression cups, but 
usage now indicates a grease having a 
calcium fatty acid soap base. 

Cut: Same as fraction. 

Cut- Back: To reduce the viscosity of a heavy 
product by adding and blending a lighter prod- 
uct with it. 

Cutting Oil: Oil used to lubricate and cool 
metal cutting tools. It may be water-soluble 
or water-insoluble. Usually mineral oils 
are blended with lard oil or other oiliness 
or extreme pressture agents to produce 
water-insoluble cutting oils, or with sul- 
fonated products and other emulsifying agents 
to produce soluble cutting oils. 



Cycilization: Rearrangemeitt of saturated or 
unsaturated straightrchain hydrocarbons into 
a cyclic structure. 

Cylinder Oils: Oils used to lubricate the cyl- 
inders and valves of steam engines. 

Cylinder Stock: A class of highly viscous oils 
so called because originally their main use 
was in the preparation of products to be used 
for steam cylinder lubrication. Cylinder 
stocks are usually produced as bottom oils 
but may also be distilled under suitable 
. conditions. They may be high or low cold 
test according to whether they have been 
cold settled or not. 

Deasphalting: A process for removing asphalt 
from reduced crude which utilizes the widely 
different solubilities of nonasphaltic hydro- 
carbons and asphaltic compounds in liquid 
propane. 

Dehydrogenation: The process of removing 
hydrogen from adjacent carbon atoms of an 
organic compound with resultant formation 
of a double bond. 

DemulsibiUty: The ability of an oil to separate 
from any water with which it is mixed. 

Density: The mass of a unit volume. Its nu- 
merical expression varies with the units 
selected. 

Detergents: Compounds (typically aralkyl sul- 
fonates, fatty alcohol sulfates etc.) which 
act to wet, disperse, and deflocculate solid 
particles. The respective ftinctions, in turn, 
are assumed to be dependent upon surface 
tension, interfacial tension, viscosity, and 
perhaps even sudsing of the solution. (See 
synthetic detergents.) 

Detergent Oil: A lubricating oil possessing 
special sludge-dispersing properties for use 
in internal combustion engines. These 
properties are usually conferred on the oil 
by the incorporation of special additives. 
A detergent oil has the abUity to hold sludge 
particles in suspension and thus to promote 
engine cleanliness. 

Deterioration: Any undesirable chemical or 
physical change which takes place in petrol- 
eum products vMle in storage or inuse. 

Detonation: Sharp explosion. The term is 
applied to the knock-producing type of com- 
bustion in spark ignition internal combustion 
engines which may be induced by low octane 
rating of fuel, high air/fuel ratio, advanced 
spark, or excessive engine or mixture tem- 
perature. 
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Dewaxing: Removal of wax In one methodi 
propane is used as a refrigerant and wax 
antisolvent for removing wax from wax- 
bearing distillates. 

Dielectric Strength: The rating of the insulating 
power of insulating oils. Thus, oils with the 
highest dielectric strength (expressed in kilo* 
volts) are the best electrical insulators. 

Diesel l^dex: The product of aniline point in 
degrees Fahrenheit and the API graWty at 
60'' F divided by 100. The diesel index 
increases with the Increase in cetane num- 
ber. 

Dilution of Crankcase Oils: The percentage of 
fuel in used internal combustion engine oil. 

Dicflefins: Open-chain hydrocarbons having two 
double bonds per molectile. 

Dirty Cargoes: See black cargoes. 

Distillate: ThaE~portion of oil which is re- 
moved as a vapor and condensed during a 
distillation process. 

Distillate Fuel Oils: Fuel oils which are dis- 
tillates derived directly or indirectly from 
crude petroleum (chiefly from the gas oil 
fraction). 

Distillation: Distillation generally refers to 
vaporization processes in which the vapor 
evolved is recovered, xisually by condensa- 
tion, and a separation effected between those 
fraictions which vaporize and those which 
remain in the bottoms. (See fractional dis- 
tillations.) — 

Distillation Range: Initial boiling point, final 
boiling point, and temperatures at which 
various fractions are distilled, as determined 
under specified test conditions. 

Doctor Test: A qualitative method of detecting 
undesirable sulfur compounds in petroleum 
distillates, that is determining whether an 
oil is sour or sweet 

Downgr ading : Assigning a petr olexmi product for 
use where a lower grade of product would 
normally be employed, provided it nieetsthe 
requirements for the lower grade. 

Draw Works: The hoisting equipment on a 
rotary drilling rig, used to lift and lower 
the pipe into the hole. 

Dropping Point of Grease: The temperature 
at which grease passes from semisolid to 
liquid state under specified test conditions. 

Drying Oil: An oil which possesses the prop* 
erty of readily absorbing oxygen from the 
ai^ and of changing to a relatively hard, 
tough, and elastic film when exposed in thin 
layers to the atmosphere. 



Emulsibility: The ability of an oil to mix 
readily with water. Oils of good emulsibility 
make emulsions readily with water. 

Emulsifying Agents: Surface-active substances 
which help to promote anemulsion and to keep 
it stable after formation. 

Emulsion: Intimate mixture of two immiscible 
liquids, one of them being dispersed in the 
other in the form of fine droplets. 

End Point (Final Boiling Point): The highest 
temperature indicated on the thermometer 
inserted in the flask during a standard 
laboratory distillation test This is gen- 
erally the temperature at which no more 
vapor can be driven over into the condensing 
apparatus. 

E P Lubricant: Extreme pressure liOn-icant 

Ester: A compound formed by the action of an 
alcohol and an acid. 

Evaporation Loss: The loss of petroleuhi 
products— particularly gasoline— through the 
evaporation of the most volatile fractions. 

Existent Gum: Under specified test conditions, 
the amount of nonvolatile residue (expressed 
as milligrams per 100 milliliters of sample) 
present in gasoline as received for the test. 

E3q>losive Limits (Explosive range): The limits 
of percentage composition of mixtures of 
gases and air within which an explosion^ 
takes place when the mixture is ignited. 

Extreme Pressure Lubricant: Liibricating oil 
or grease which contains a substance or 
substances specifically introduced to pre- 
vent metal-to- metal contact in the opera« 
tion of highly loaded gears. 



Fat: A naturally occurring mixture of trigly« 
cerides. 

Fatty Oil: A fat which is liquid at room tem- 
perature. 

Fault: Geologically, a structural closure caused 
by the fracturing of the crustal rocks during 
each movement?. 

Fillers: Any substance such as talc, mica, or 
various powders, which may be added to 
greases to make them heavier in weight 
or in consistency, but which form no use- 
ful function in making the grease a better 
lubricant. 

Film Strength: The ability of a lubricant to form 
a film, which separates bearing surfaces, 
without breaking down and causing metal-to- 
metal contact. (The higher the film strength, 
the greater the load the lubricant can carry.) 
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Final Boiling Point: See end point 

Fire Point: Tlie lowest temperature at which, 
imder specified test conditions, a petroleum 
product vaporizes sufficiently rapidly to form 
above its surface an air-vapor mixture which 
burns continuously when ignited by a small 
flame. 

Flanunable: Term describing any combustible 
material which can be ignited easily and 
which will burn rapidly. Petroleum prod- 
ucts which have a flash point of 80'' F or 
lower are classed as flammable. 

Flash Point: The lowest temperature at which, 
imder specified test conditions, a petroleum 
product v^rizes rapidly enough to form 
above its surface an sdr-vapor mixture 
which gives a flash or slight esqplosion when 
ignited by a small flame. 

Flxishing Oil: Oil or a compound designed for 
the purpose of removing tised oil, decom- 
position products, and dirt from lubrication 
passagoj, crankcase surfaces, and moving 
parts of automotive engines accessible to 
the lubrication system* 

Fraction: A portion of distillate (having a 
particular boiling range) separated ftom 
other portions in the fractional distillation 
of petroleum products. 

Fractional Distillation (See distillation): Frac- 
tional distillation inples the use of equip- 
ment for effecting a more complete sep- 
aration between the low and high boiling 
components in a mixture being distilled than 
does the general term distillation. It is 
tisually accomplished by the use of a bubble 
tower or its equivalent 

Fractionation: As used in petroleum, generally 
means fractional distillation* 

Freeboard: The distance measured vertically 
downward at the side of a vessel, amid- 
ships, from the upper edge of the deck 
line to the upper edge of the load line. 

Freezing Point: The temperature at which a 
substance freezes. 

Fuel Depot (Storage terminal, tank farm): Bulk 
storage installation composed of storage 
tanks and related facilities such as docks, 
loading racks, and pumping units. 

Fuel Oil: Any liquid petroleum product used 
for the generation of heat in a fomace or 
firebox. 

Fuller's Earth: Any of a class of naturally- 
occurring absorbent clays, so called from 
their original use in fulling cloth, but now 



u'^ed more extensively as a filter medium 
for refining oils, fats, etc. 
Furnace Oil: A distillate fuel intended pri- 
marily for domestic heating. 

Gas Absorption: See absorption. 

Gas Indicator (Combustible gas indicator): An 
instrument used to detect the presence of 
flammable gases or vapors in the atmos- 
I^iere. (Also known by various trade names 
as explosimeter, vapotester, etc.) 

Gas Oil: Term originally used to mean oil 
suitable for cracking to make illuminating 
gas. Now used to designate an overhead 
product, intermediate between refined oils 
and low viscosity lubricating oils, used 
primarily as thermal or catalytic cracking 
feed stock, diesel fUel, furnace oil, and the 
Uke. 

Gasoline: A volatile liquid hydrocarbon fuel 
generally made from petroleum. 

Go-Devil: A scraping device which is forced 

through pipe lines to enswe that there are 

no obstructions. 
Gravity: See API gravity. 
Grease: A combination of a petroleum product 

and a soap, or a mixture of soaps, suitable 

for certain types of lubrication. 
Gum: Resin-like, n2q;>htha-insbluble deposits 

formed by the oxidation and polymerization 

of certain petroleum products, particularly 

gasoline. 

Heavy Ends: A term used in speaking of oils 
where the distillation range is of importance, 
meaning the highest boiling portion present. 
The maximum or end point as obtained in the 
100 milliliter distillation of a sample of 
gasoline is determined largely by the amount 
and character of the heavy ends present in 
the gasoline. 

Heavy Duty OUs: Lubricating oils which were 
originally developed for use in certain types 
of high-speed diesel engines and spark 
ignition engines subject to hlg^ piston and 
crankcase temperatures. They combine the 
properties of detergency, resistance to oxi- 
dation, and relative freedom from corrosive 
action on alloy-type bearings. Normally 
they contain special additives ^ch confer , 
these propertien. 

Hydraulic Fluid: Fluids which may be of 
petroleum or nonpetroleum origin intended 
for use in hydraulic systems. Low viscosity, 
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low rate of change of viscosity with tern- 
perature, and low pour point are desirable 
characteristics. 
Hydrocarbon: Any of the compounds madetq) 
exclusively of hydrogen and carbon in vari- 
ous ratios. 

Hydroforming: A special catalytic reforming 
process employed for xqpgrading straight- 
run gasolines. 

Hydrofrac: Jn oil well drilling, a method devel- 
oped to create highly permeable flow chan- 
nels through the formation, radiating out 
from the well bore. 

Hydrogenation: The process of adding hydrogen 
to the hydrocarbon molecule. 

Hydrometer: An Instrument for determining 
the specific gravity of a liquid. 

Hydrostatic Head: That portion of existing 
pressure at a point which is attributable 
to the weight of the superimposed column 
of fluid. 

Hydrous: Containing water chemically com- 
bined, as in hydrates or hydroxide. 

Hydroxide: A compound consisting of ah ele- 
ment and the radical or ion, OH, as sodium 
hydroxide (NaOH). 

Ignition Quality: The ability of a fuel to ignite 
upon injection into the cylinder. 

Illuminating Oil: A petroleum product, heavier 
than gasoline, used for lighting purposes. 

Inflammable: Same as flammable, but flam- 
mable is the preferred term. 

Dihibitors: Chemical coutipounds which, when 
added in small amoimts, reduce rates of 
chemical reactions. 

Initial Boiling Point: The temperature at which 
the first drop of distillate falls from the 
condenser into the receiver in a standard 
laboratory distillation procedure. 

Ihnage: Depth of liquid in a tank, measured 
from the surface of the liquid to the tank 
bottom. 

Inorganic Acid: An acid of nonorganic origin, 

hence containing no carbon. 
Diorganic Compound: A compound containing 

no carbon, hence composed of matter other 

than animal or vegetable, such as clay or 

glass. 

Insoluble: &icapable of being dissolved in a 
Uquid. 

Insoluble Oils: Oils which do not form stable 
emulsions or colloidal solutions with water. 



Disulating Oils: Oil, such as transformer oil, 
used to Insulate and cool the core and wind- 
ings of transformers. 

Isomerization: Process for altering the funda- 
mental arrangement of the atoms in a 
molecule without adding or removing any- 
thing j from the original materials. In pe- 
troleum refining, straight-chain hydrocar- 
bons ^are converted to brs^nched-chain hydro- 
carbons of substantially higher octane rating, 
in the presence of a catalyst, usually at 
moderate temperature and pressures. 

Iso-Octane: A hydrocarbon showing 100 octane 
value, \ised primarily 9S a reference fuel 
In determining the octane rating of gasolines. 
It is isomeric with normal octane, and 
therefore has the same chemical formula, 
(CsHig). 

Isopentane: A saturated branched-chaln hydro- 
carbon having 5 carbon atoms and 12 hydro- 
gen atoms, obtained by fractionation of nat- 
ural gasoUne or isomerization of normal 
pentane. It is used extensively as a component 
of aviation gasoline. 

Journal: The part of a shaft or axle which 
rotates in or against a bearing. 

Kerosine^ A general term covering the class 
of refined oils boiling between 370^ F and 
515^ F, used primarily in domestic oil 
lamps and cooling stoves. 

Kinematic Viscosity: The ratio of viscosity of 
3 liquid to its specific gravity at the tem- 
perature at which the viscosity is measured. 

Knock: Jn gasoline engines, detonation caused 
by sudden burning of the last remaining por- 
tion of the fuel in the combustion chamber. 

Knock Characteristics: Tendency of a gasoline 
to knock. (See octane number and per- 
formance niunCer.) 

Lacquer (Varnish): A coating similar to a 
natural varnish, left an engine parts as a 
result of high temperature of oil and gaso- 
line. 

Lampblack: A solid product, consisting largely 
of carbon, obtained by the incomplete com- 
bustion of hydrocarbon materials. It is 
substantially different ftom carbon black 
and channel black, being greyish in color. 

Lard Oils: Animal oils prepared from chilled 
lard or from the fat of swine. They are 
compounded with mineral oils to yield lub- 
ricants of special properties. 
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Lead Susceptibility: The ability of gasoline to 
respond to the addition of tetraethyl lead, 
as reflected in the increase in octane num- 
ber per increment of lead added. 

Light Ends: In any given batch of oil, that 
portion of lowest boiling point. In gasoline, 
it is the portion distilling off up to about 
ISS"" F. In making lubricating oils, the light 
ends must be removed in order to produce 
finished oils of high flash point. 

Liquefied Petroleum Gas: Gaseous forms of 
petroleum which have been converted into 
liquids by changes in temperature and prcs- 
sure. 

Liquid Fuel: Any liquid used as fuel which can 
be poured or pumped. 

Lithium Base Grease: A grease composed of 
a mineral oil thickened with lithium soaps. 

Load Line: The line on a vessel defining the 
maximum mean draft to which the vessel 
may lawfully be submerged. 

Lower Toxic Limit: The maximum permissible 
content of petroleum vapor (0,1 percent by 
volume) in a tank or compartment which is 
to be entered by persons. 

LPG: Abbreviation for liquefied petroleum gas. 

Lubricant: Material, especially oils, greases, 
and solids such as gr^qphite, used to de- 
crease friction. 

Lubricating Grisase: A solid or semisolid ma- 
terial consisting of fluid lubricant(s) and 
soap and/or thickening agent(s), with of 
without additives or fillers, suitable for 
reducing friction between mechanical mov- 
ing parts. 

Medicinal Oil: A highly refined, colorless, 
tasteless, and odorless petroleum lubricat- 
ing oil df low viscosity used as a medicine 
in the nature of an internal lubricant. 

Mercaptans : Organic compounds having the gen- 
eral formula R-SH, meaning that the thiol 
group (SH) is attached to a radical such as 
CH3 or C2H5. The simpler mercaptans 
have a strong, replusive, garlic-like odor 
which becomes less pronounced with increas- 
ing molecular weight and higher boiling 
points. 

Metal Deactivators: Organic compounds which 
suppress the catalytic action of heavy metal 
conipbunds sometimes contained in hydro- 
carfxm distillates. (Metal compounds tend 
to promote the formation of gum.) 

Mid Continent Oils: Petroleum oils obtained 
from the central regions of the United 



States, usually having characteristics be- 
tween those of Pennsylvania and Coastal oils. 

Mill Scale: A magnetic product formed on iron 
and some steel surfaces during the manu- 
facturing process. 

Mineral Oil: A wide range of products derived 
from petroleum and within the viscosity 
ranges of products spoken of as oils. 

Mineral Seal Oil: A light lubricating oil which 
is chemically refined. 

Mixed-Base Gbrease: A grease composed of a 
. mineral oil thickened by soaps made from 
two alkalis. 

Mixture: The combination of two or more 
substances united in such a way that each 
retains its original properties. 

Napalm: Gasoline which has been chemically 
thickened so that it sproadi:^ ovor the ground 
while burning instead; of goiiig up instan- 
taneously. 

Naphthas: Oils of low boiling range (80'' Fto 
440** F), usually of good color and odor when 
finished. Sometimes refers to gasoline com- 
ponents and sometimes to special products, 
- solvents, etc. 

Naphthalene: A hydrocarbon (polynuclear aro- 
matic) which forms plate-like crystals, has 
the odor of moth balls, and is always present 
to a considerable extent in coal tar and coal 



Naphthenes: Saturated hydrocarbon series, 
characterized by the closed-chain arrange- 
ment of carbrxn atoms. 

Napththenic Crudes: Crude oils containing 
large proportions of naphthenic compounds. 

Natural Gasoline: See casinghead gasoline. 

Neutralization Number: The number of milli- 
grams of potassium hydroxide (?jn alkali) 
required to neutralize one gram of a sample. 

Neutral Oils: Term used quite generally to 
mean a lubricating oil of mediiun viscosity 
made from a wax-bearing crude. 

Nonsparking Tools: Tools made of a metal 
alloy which, when struck against other ob- 
jects will not usually cause sparks of suf- 
ficient temperatture to ignite flammable 
vapors. 

Nonviscous Neutrals: The lighter weight oils 
distilled overhead and used for manufacture 
of oils for extremely light lubricating pur- 
poses. 



Octane: The eighth member of the paraffin or 
saturated series of hydrocarbons, having a 
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boiling point of 258"" F, and the chemical 
formula CsHig, 

Octane Number: Term used to indicate nu- 
merically the relative antiknock value of 
automotive gasolines, and of aviation gaso- 
line? having a rating below 100. It is based 
on a comparison with the reference fuels, iso- 
octane (100 octane number) and normal hep- 
tane (0 octane number). The octane number 
of an unknown fuel is the volume percent of 
iso-octane with normal heptane which 
matches the unknown fuel in knocking tend- 

' encies under a specified set of conditions. 
Either the Motor Method or the Research 
Method may be used in determining octane 
rating of automotive gasolines; either the 
Aviation Method or Supercharge Method 
may be used in determining the octane rating 
of aviation gasolines. The test method 
employed must be reported with the octane 
rating. (See Performance Number.) 

Octane Number / Aviation Method: Octane num- 
ber of aviation gasolines, determined by a 
method of test which indicates the knock 
characteristics at a lean fuel-air ratio (lean 
or cruise rating). 

Octane Number, Cruise Rating: See Octane 
Number, Aviation Methodr 

Octane Number, Lean Rating: See Octane|Niun- 
ber. Aviation Method* ] 

Octane Number, Motor Method: Octane number 
of automotive gasolines, determined by a 
method of test which indicates the knock 
characteristics und^r severe conditions (high 
temperatures and speed). 

Octane Number, Research Method: Octane niun- 
ber of automotive gasolines, determined by a 
method of test which indicates the knock 
characteristics under mild conditions (tem- 
peratures and^ speed approximating ordinary 
driving conditions). 

Octane Number, Supercharge Method: Octane 
number of aviation gasolinie, determined by 
a method of test which indicates the knock 
characteristics under super-charge rich- 
mixture conditions. 

Off Specification: Term describing a product 
which fails to meet the requirements of the 
applicable specification. 

Oiliness: Under certain conditions of lubrica- 
tion, one lubricant may reduce the friction 
in a bearing more than a similar oil of the 
same viscosity and applied in the same 
way. The oil that reduces friction the 



most is oilier and is said to have a higher 

degree of oiline»s. 
Olefin: Any open-chain hydrocarbon having 

one or more double bonds per molecule. 
On Stream: When a refinery processing unit 

is in operation. 
Organic: Pertaining to compounds produced 

in plants and animals or carbon compounds 

of artificial origin. 
Outage: See ullage. 

Overhead: In a distilling operation, that por- 
tion of the charge which is vaporized, led 
off through suitable lines and condensed to 
liquid in cooling coils, thus separating it 
from the portion of the charge withdrawn 
from the condenser as gas or vapor. 

Oxidation: In general, the process in which 
oxygen is added to a compound. The oxida- 
tion reaction in petroleum may lead to gum 
or resin formation which is of importance 
in the utilization of gasolines, particularly 
those that contain unsaturated compounds. 

Oxidation Inhibitors: Chemical compounds added 
to petroleum products in small quantities to 
reduce the rate of oxidation. 

Pale Oil: Lubricating oils of light color (not 
darker than about 4 NPA) and of compara- 
tively low viscosity, usually obtained as 
overhead products. 

Paraffin-Base: Products prepared from 
paraffin-type crude oils. Lubricating oils 
made ftom these crudes are normally dis- 
tinguished from similar oils made trom 
other crudes (both oils equally well re- 
fined) by higher gravity, better resistance 
to deterioriation In service, and higher vis- 
cosity index« 

Paraffin Wax: The wax removed by chilling 
and pressing paraffin distillates from wax- 
bearing crudes such as Mid Continent and 
Pennsylvania crudes. It is an overhead 
product. Paraffin wax has a very definite 
crystalline structure and the crystals are 
much larger than those obtained from pe- 
troleum wax. 

Penetration Number: The depth, in tenths of 
a miUimeter, that a standara^one pene- 
trates a sample of grease under prescribed 
conditions. (See Ilnworked Penetration, 
Worked Penetration.) 

Penetrometer: Apparatus for measuring pene- 
tration of grease. 

Pensky Martens: A closed cup test method for 
determining flash and fire point of oil:?: 
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Performance Number: An arbitrary scale, 
normally used to denote knock character- 
istics of aviation gasolines having an octane 
rating above 100. The reference fuel is iso- 
octane with additions of tetraethyl lead. 
Both lean and rich-mixture ratings are re- 
ported. (See octane number.) 

Permeability: A measure of the ease with which 
a fluid can flow through a porous medium. 
The easier the flow, the greater the per- 
meability of the mediimi. 

Petrochemicals: Organic chemicals manu- 
factured from petroleum. 

Petrol: Term used, particularly in England, 
to designate petroleum or its derivatives. 

Petrolatum Wax: A high boiling wax product 
obtained from cylinder stocks by the cold 
settling process. To the human eye, the 
wax appears to be amorphous, but imder 
the microscope is seen to consist of a net- 
work of needle crystals. Petrolatum wax, 
as obtained from the cylinder stock, has a 
reddish brown color similar to that of the 
oil but by further refining may be produced 
in any shade iip to pure white. Petrolatum 
wax is seldom sold as such, but is mixed 
with oils of proper color to make com- 
mercial petrolatums. 

Petroleum: A compound consisting of a mix- 
ture of hydrocarbons. 

Plasticizer: A compotmd added to a lacquer to 
counteract the tendency of the finished sur- 
face to become brittle. 

Platforming: A special reforming process, 
employing platinum as a catalyst, for up- 
grading straight-rtm gasolines. 

PUmsoU Mark: Load line mark (British). 

Poise: Uhit of absolute viscosity. 

POL: A broad term which includes all petro- 
leimi products used by the Armed Forces. 
It originated as an abbreviation for petrol, 
oil, and liibricants. 

Polymerization: A process for tmiting light 
olefins to form hydrocarbons of higher 
molecular weight. 

Potential Gum: Gum which may be formed 
and deposited by a gasoline during storage 
or under accelerated aging conditions. 

Pour Point: The lowest temperature at which 
an oil will pour or flow when chilled without 
disturbance under specified conditions. By 
ASTM Instruction, it is taken as the tem- 
perature 5"" F above the solid point 

Pour Point Depressant: A compound which, 
when added to a wax-containing product 



(a dies el fuel, lubricant etc.) reduces the 
solid point of the product. The additive ap- 
parently functions by modifying the crystal 
structuife of wax which separates at low 
temperatures. 

Precipitate: Material, formed during the ac- 
celerated oxidation of loaded fuel, which is 
insoluble in both the fuel and the gum solvent. 

Precipitation Number: The number of milliliters 
of solid matter precipitated in a mixture of 
oil and solvent under prescribed conditions. 

Pressure Distillate: The light, gasoline-bearing 
distillate product from the pressure stills 
which has .been produced by cracking, as 
contrasted with virgin or straight-run stock. 

Pressure Distillate Bottoms: Residue from 
distillation of topped crude. 

Production: Raisixig crude oil from under- 
ground geological formations to the earth's 
surface. 

PSI: Abbreviation for pounds per square inch. 
Pumping Stations: See booster stations. 

Qualified Petroleum Products: Products which 
have passed successfully certain tests re- 
quired to determine whether or not they 
conform to all qualification test require- 
ments of applicable specifications. 

Raffinate: Term applied in solvent-refining 
practice to that portion of the oil which re- 
mains undissolved and is not removed bythe 
sdective solvent used. 

Raw Gasoline: See straight-run gasoline. 

Reactivation: The restoration of aused catalyst 
to a chemically or physically active state. 

Reclamation: Procedure required to restoreor 
change the quality of contaminated petroleum 
products to meet desired specifications. 

Red Oils: Lubricating oils of a red color, 
lusually produced as bottom oils in reducing 
stills. 

Reduced Crude: The bottoms remaining from 
a distillation of crude oil. 

Reduction: A distillation where the oil remain- 
ing in the still (the bottom) is an important 
product of the operation, this bottom being 
concentrated (reduced) to viscosity or other 
required test by distilling off the lighter 
portions of the charge. 

Reflux: The liquid whichflows down afractiona- 
. ting tower to serve as a cooling and material 
transfer medium in the fractionation process. 

Reforming: A cracking process for converting 
low octane number nsqphthas or gasolines into 
high octane nimiber products. 
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Regeneration: In catalytic crackingi removal 
of carbon from the catalyst in order to make 
it fit for reuse. 

Reid Vapor Pressure: The measiure of pressure 
es^erted on the interior of a special container 
(Reid Vapor Pressure sqpparatus), under 
specified test conditions, because of the 
tendency of the product to vaporize. 

Reservoir: A geological structure of rocks 
so formed as to trap oil or gas. 

Residual Fuel Oils: Fuel oils which are either 
topped crude petroleum or viscous cracked 
residuunu 

Residuum: The dark colored, highly viscous 
oil remaining from crude oil, after the 
more volatile portion of the charge has 
been distilled off. 

Resin: Originally, any of various solid or 
semisolid natural organic substances, chiefly 
of vegetable origin; amorphous; usually yel* 
lowish to brown in color; transparent or 
translucent; soluble in ether, alcohol etc., 
but not in water; specifically pine resin, or 
rosin. More recently the term has been 
used to include synthetic resins, such as 
Bakelite, built up by chemical reaction, 
condensation, or polymerization. 

Rotary Drilling: Drilling by rotating a drill bit 
on the end of a string of pipe. 



SAE: Initials of Society of Automotive Engineers. 

SAE ^scosity; An arbitrary system for classi* 
fying motor oils according to their viscosi* 
ties, established by theSociety of Automotive 
Engineers. 

Salt Dome: Geological formation resulting from 
intrusion of rock salt into overlying sedi* 
mentary beds. 

Saponification: The process of soap-making 
which is the result of a chemical reaction 
of fat or fatty acid and an alkali. ^ 

Saponification Number: Number of milligrams 
of potassitmti hydroxide required to saponify 
one gram of compounded oil. 

Saturated Hydrocarbons: Hydrocarbons in which 
all the valency bonds of the carbon atom 
have been fulfilled. 

Saybolt Furol Viscosity: The viscosity of a 
material as measured on a Saybolt Furol 
viscosimeter, used primarily for high vis* 
cosity materials. The results are approxl* 
mately one tenth those obtained cm a Say* 
bolt Universal viscosimeter. 



Saybolt Universal Viscosity: The time in 
seconds for 60 cc of liquid to flow through 
the capillary tube In a Saybolt viscosimeter. 

Scavenging Agent: A gasoline*soluble bromine 
compoimd added with tetraethyl lead in order 
to prevent the formation and deposition of 
lead oxide in cylinders. 

Scupper Plugs: Plugs of various types, tightly 
fitted or cemented in all scupper holes on the 
weather deck of tankers while loading, dis* 
charging, or shifting cargo in port. In the 
case of a spUl of oil, the plugs usually pre- 
vent harbor pollution by retaining the spill 
on decks. 

Secondary Recovery: In drilling, a method of 
forcing oil to flow into the well bore after 
natural forces fail. Water, gas, or air is 
usually employed. 

Sediment and Water: Solids and aqueous solu- 
tions which may be present in an oil and 
which either settle out on standing or may 
be separated more rapidly by a centrifuge. 

Shale: A sedimentary rock, formed by the 
consolidation of mud or clay. 

Shale Oil: Crude oil derived from shale. 

Shell Cs4)acity: The amount of oil a tank car or 
tank truck will hold when the oil just touches 
the underside of the top of the tank shell. 

Shooting: A method of increasing production 
from an oil well. (Jellied nitroglycerin is 
used to enlarge the area at the bottom of 
the hole and to create fractures through the 
formation, thus increasing the flow of oil.) 

SUgh Oxidation Test: A test method for de- 
termining oxidation-resistance of various 
types of oils. 

Sludge: Deposits (which may be hard and 
lumpy, grainy, and/or pasty) in a lubricat- 
ing system. These deposits, which are 
insoluble in the oil, may be the result of 
contamination of the oil, or from deteriora- 
tion of the oil itself. 

Slugging: In airplanes, loss of liquid fuel from 
tank vents owing to the pulling action of es- 
caping vapors. 

Slushing Oil: An oil or grease-like material 
used as a temporary protective coating 
against corrosion. 

Smdce Test: A test made on kerosine which 
shows the highest point to which the flame 
can be turned before it will smdce. 

Soap: A compound made by the action of an 
alkali on a fat or fixed oil. 

Soda Base Grease: A grease composed of a 
mineral oil thickened with sodium soaps. 
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Soluble Oils: Oils which readily form stable 
emulsions or coUodial solutions with water. 
They usually contain metallic or ammonium 
soaps or sulfonated oils and may be used 
for cutting oils, detergents, insecticides, etc. 

Solvent Extraction: A process for separating 
compounds of approximately the same boil- 
ing points, but of different chemical types by 
employing solvents in which the solubilities 
of these compounds are widely different 

Sour Crude: Crude oil containing sufficiently 
large quantities of sulfur and sulfur com- 
pounds as to require chemical treatment 
for removal. Characterizedby objectionable 
pungent odor. 

Specific Gravity: The ratio of the weight of a 
given volume of the material at 60'' F to the 
weight of an equal volume of distilled water 
at the same temperature, both weights being 
corrected for the buoyancy of air. 

Split Cargo: See composite cargo. 

Stability: Property of product which gives it 
the ability to retain its physical and chem- 
ical properties intact, even during extended 
storsige. 

Stabilizer: A fractionating column and heat ex- 
changer system operating under pressure of 
200r300 lb. gage, which is used to remove 
the very volatile light hydrocarbons (prcipane 
and lighter) present in raw cracking still 
distillate, absorption plant nsqphtha, andcas- 
inghead gasoline. 

Steam Cylinder Oil: An oil that is used to 
Itibricate the cylinder walls, pistons, and 
valves of a steam engine. 

Steam Emulsion Number: The time in seconds 
for a given amount of oil to separate from 
condensed steam under prescribed test 
conditions. 

Still: An apparatus in which a substance is 
changed by heat, with or without chemical 
decomposition, into vapor, which vapor is 
then lique^ed in a condenser and collected 
in another part of the apparatus. 

Stock: In general, any oil which is to receive 
further treatment before going into finished 
products. 

Stoke: The unit of kinematic viscosity, 

Straight-Run Gasoline (Raw gascAine): A gaso- 
line which is obtained directly from crude 
by fractional distillation. 

Strapping: Measuring storage tanks and cargo 
carriers for capacity. 

Stratigraphic Trap: A structural formation in 
which the oil-producing formation pinches 



out and disappears up the structure, form- 
ing an impervious layer of cap rock. 

SUS: Initials of Saybolt Universal Seconds. (See 
Saybolt Universal viscosity.) 

Sweet Crude: Crude oil containing so little sul- 
fur as to render unnecessary any chemical 
treatment for the removal of sulfur or sul- 
fUr compound. 

Synthetic Detergent (See detergent): The term 
synthetic is used*lo distinguish the newer 
chemical cleansers from the older ones such 
as soaps. 

Synthetic Fuels: Term commonly used to in- 
dicate fuels manufactured from sources other 
than crude petroleum (such as shale or coal). 



Tank Farm: See fuel depot. 

Tetraethyl Lead: A volatile lead compound, 
Pb(C2H3)4, which, when added in smaU 
proportions to gasoline, increases the octane 
rating. 

Tetraethyl Lead Susceptibility: See lead sus- 
ceptibility. 

Thermal Cracking: The process of cracking by 
heat or by heat and pressure. 

Thernial Value: Calories per gram or btu per 
pound produced by burning fuels. 

Thief: A sampling apparatus so designed that 
a liquid sample can be obtained within 1/2 
inch of the bottom of a tank. 

Thiefing: Taking a sample from the bottom of 
a tank, primarily to determine the amount 
of free water present. Also, commonly used 
to mean measuring the amount of water at 
the bottom of a tank by means of a tape and 
bob, or by a gaging pole. 

Tolerance: An allowable variation from a 
specified limit. 

Toluene (Toluol): An aromatic hydrocarbon, 
C6H5CH3, the principal component of TNT. 
Toluol: See toluene. 

Topping: Removal of volatile fractions by dis- 
tillation. 

Topped Crude: Crude oil from which some of 

the lighter constituents have been removed 

by distUlation. 
Transformer Oil: An oil used in transformers 

to conduct heat, soften and protect the 

insulation, and reduce oxidation. 
Turnaround: That period of time required by a 

vessel to make one complete round trip 

tween two ports and complete prepars^v /iS 

to resume the cycle. 
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Ullage (Outage): The distance from a given 
point at the top of a container down to the 
surface of the liqtiid. 

Unsaturated Hydrocarbon: Hydrocarbon having 
a deficiency of hydrogen. 

Unworked Penetration: The penetration at77^F 
of a sample of grease which has received 
only the minimum handling in transfer from 
sample can to test apparatus and which has 
not been subjected to the action of a grease 
worker. 



Valence: The combining csqpaclty of one atom of 

an element as compared with that of an atom 

of hydrogen. 
Vapor E^losive Range: See e3q;>losive limits. 
Vaporization: Conversion of a liquid to its 

vapor, such as the conversion of water into 

steam. 

Vapor Lock: Malfunctioning of carburetor and 
fuel feed systems of internal condnistion 
engines caused by evolution of bubbles of 
vapor from the gasoline. ^ 

Vapor Pressure: The outward pressure of a 
mass of V2q;)0r at a given temperature when 
enclosed in a gas-tight vessel. It is an 
index to the volatility of the liquid from 
which the vapor was produced. 



Varnish: See lacquer. 

Viscosity: The property of resisting flow or 
deformation which all liquids possess. 

Viscosity Index: A measure of the temperature 
coefficient of viscosity of a lubricating oil 
as expressed by the relationship between its 
viscCMity r4 100^ Fandits viscosity at 210^ F. 

Viscosimeter: An apparatus for determining 
vistosity. 

Viscous Neutrals: The heavier distillates 
ordinarily used for blending pm'poses or in 
the manufacture of straight lubricants such 
as turbine oils and light motor oils. 

Volatility: A measure of the propensity of a 
substance to change from the liquid or solid 
state to the gaseous state. A volatile liquid 
is one which readily vaporizes at com- 
paratively low temperatures. 

Wet Gas: A gas containing a relatively high 
proportion of readily condensable con- 
stituents. 

White Oils: Term sy;)plied to substantially 
colorless, tasteless, and odorless oils, 
covering a wide range of viscosities. 
Worked Penetration: The penetration at 77^ F 
I of a sample of grease which has been worked 
j or mechanically kneaded prior to transfer to 
test apparatus. 
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GOVERN lENT PUBLICATIONS 



Military Standardization Handbook, Petroleum 

Operations, Miii-HDflK-201A 
Military Standardization Handbook, Quality Sur*> 

yeUlance Handbook for ruels and Lubricants, 

MIL-HDBK-200B 
Military Standardization Handbook. Conversion 
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£laODiaK, MIL-HDBK-210 
POD Petroleum Procurement In spection Manual, 

DSAM 41S$.1, Aft 715-27, aFM 74-3 ^ 

Identification Methods torBulkPetroletunProd- 



ucts Systems. MI 
Fuel Storage jank 



MIL-STD-ldl 



„^ - - Cleaning at the Shore Estab- 

DOCKS P-94Z, Bureau of yards and Docks, 
Dec. 1961 

Design Manual, Llmild Fueling and Dlspensli^ 
Facilities . BuDocfcs DM- 22. Bureau of Yards 
Docks, Nov. 1961 

Structural Fire Fighting Manual. OPNAV 
11320.15, Office of the Chief of Naval Opera- 
tions, 1953 

Operating Instructions for MSTS Contract- 



erated Tankers (USNS; and BmJcerlng In- 
structions for Consecutive voyage unart ereg 
Tankers (tAtncQpWS). COmSTS INST 
P3121.3B, MUltary Sea Transportation Serv- 
ice. 

Operating Instructions for MST S Tlme- 
Chartered Tankers , COMSTS BST PSlZl.gA 
An Appraisal of the Petroleum Industry of the 
u.8.V u.a. Department of interior. January 19C5 
erating Procedures for Bulk Petroleum and 
oai Proaucts . dsaM 42zO,L AH 700«flHMUSr 
AFR 67-142, MCO 10340.3 
Material Inspection Service U.S.N..A<faninistra- 
tton ifapual. Petroleum Inspection Reports. 
ONM INST S000.3, Vol 2, Chap 7, office of 
Naval ICaterial 
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Defaise Material Inter servicing Manual of Pro- 
cedures . DaAM 4140.1. AFM B7-lL AR l-38> 
SJCirP7020.5A 
Packaging. Packing, and Marking of Petroleum 

and welatefl Products , mil-std-290 
Federal Test Method- Lubricants, Liquid Fuels, 
and Related Products, Methoas of Testin g 

standard No* 79i 

Storage and Materials Handling, Navy Supple- 
mCTt , NAvaAWDA pupiication 2M-1. Bureau 
oi Supplies and Accounts 
The above list of publications includes those 
most frequently used in the operation of Navy fuel 
facilities, and is not considered to be a complete 
listing of all government publications relating to 
petroleum products. 

COMMERCIAL PUBLICATIONS 

The Chemical Technology of Petroleum , Gruse 
& Stevens; McQraw-Hill Book co., Inc, New 
York and London, 1960 

Petroleum Production jingineering; Oil Field 
Dev^opmgit . Lester Charles Uren; McGraw- 
Hill Book Co, Inc., New York and London, 1956 

Measurement and Sampling of Petroleum and 
Petroleum Products (ASTM Manual): prepared 
b>^ ASTM Conunittee D-2 on Petroleum Prod- 
ucts and Lubricants; published by the Ameri- 
can Society for Testing Materials, Phila- 
delphia, Pa., Dec, 1950 

Standards on Petrolemn Products and Lubri- 
cants (ASTM Manual); prepared fay ASTM 
Comir^ttee D-2 on Petroleum Products and 
Lubr. 4:ants (issued annually); published by the 
American Sociisty for Testing Materials, Phila- 
delphia, Pa. 

Motor Oils and Engine Lubrication; Carl W. 

Georgi; Reinhold Publishing Coiporation, 1951 
Petroleum Products Handbook, Virgil B. 

Guthrie; McGraw-HlU Book Co«, NewYorkand 

London, 1960 
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Principles of Petroleum Geology . William Low 

kussel; Mcuraw-nm Book Co;, Inc, New York 

and London, 1951 
Guide for Tank Venting. American Petroleum 

Institute Bulletin RP 200 
The Filtration and Dehydration of Aviation 

Fuels, American Petroleum Institute Bulletin 

1501 

Protectio n Against Ignitions Arising Out of 
Static, Lightning, and Stray Currents. Amerl- 
can Petroleum Institute Bulletin RP 2003 



Cleaning MobUe Tanks Used for Transportation 
of Flammable Liguias (Section A - TankTe^ 
hides) , American Petroleum iniSHHSe Accl« 
dent Prevention Manual No. 13. 
Cleaning Petroleum Storage Tanks (Section B > 
Gasoline Tanks ). Americg,n Petroleum Instil 
tute Accident Prevention Manual IB. 
In addition to the foregoing; commercial publica- 
tions, there are many more available on the 
subject of petrol^^i^m from various commercial 
sources. 
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Acid treating lubricating oils, 56 
Acidizingi 40 

AccumulationSi oil| 11| 32 
Additivesi 57, 96, 104 
Administration of fuel depots, 167 
Agitation of petroleum liquidSi safety 

precautionSi 112 
Aircraft engines i jet, fuels used in, 90 
Aircraft gear, grease for, 100 
Aircraft lubricating oils, 7 
Alkylationi 53 

American Petroleum Institute, 46, 69 
American Society for Testing MaterialSi 
69, 75, 77, 82 
cone-shaped centrifuge tube, 82 
Anticlines, 33 
Aromatics, 25 
Ash content of oils, 80 
Asphalt, 7, 58 

Atmospheric storage tanks, 123 
Atom, 21 

Automotive engine oils, 7 
Automotive gasolines, 6, 77, 88-90 

testing, 77 
Aviation fuels, oxidation stability test, 81 
Aviation gasolines, 6, 77, 86-88, 107, 108 
Aviation method, 72 

Ballast la. out, 145 

Ballast water, disposal of, 176 

Barges, tank, 137 

Bearing grease, 99 

Benzene, 25, 28 

Bits, types of, 39 

Blending and compounding, 57 

Blending for reclamation, 108 

Bonding, 171 

Breathing apparatus used on tanker, 149 

British Thermal Unit, 79 

Bubble trays, 51 

Bulk storage, 106, 123-126 

surface, 123-126 

underground, 126 



Bureau of Mines, 44 
Burner fuel oil, 92-95 
Butadiene, 27 
Butane, 23 

dable tool drilling, 37 
Cable tool rig, 3? 
CalibratHi) tables, 60 
Carbon, 2z 

Carbon dioxide extinguisher, 117 
Carbon residue, 80 . 
Carbon tetrachloride extinguishers, 117 
Cargoes, classification of, 130 
Cargo, handling, 146-150 
heating, 147 

safety precautions, 149, 150 

shortages of cargo, 150 
Cargc. iiije i«?yBten ; 141 
Cargo V^ainpL'> 144 
Cargo tankers, 140 
Cargo tanks, 140 

scab condition in, 151 
Cargo transfer procedure, 147 
Cargo transfers at night, 175 
Cargo valves, 142 
Cataloging, 10 
Catalytic cracking, 52, 59 
Centrifuge tube, 82, 83 
Cetane number, 78, 79 
Charging stock, 52 
Chartering commercial tankers, 160 
Chemical elements, 21 
Chemical principles, 21 
Christmas tree, 40 
Civilian consumption of petroleum, 5 
Clarifiers and preheaters at fuel depots, 173 
Clay testing, 57 

Cleaning and gas-freeing tanks, 151-155 

Cloud and pour points, 73 

Coast Guard classification of products, 148 

Color, loss of, 104 

Color of oil, 80 

Combustible gas indicators, 119 
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Combustible limits, 110 
Combustible liquids, 110 
Combustion, safety precautionSi 110 
Commercial tankers I chartering of, 160 
Completion methods, drilling, 39 
Compound, definition of , 21 
Concentration of refining cs^city, 43 
Concrete tanks, 126 
Condensers, 47| 48 

Conmingling, prevention of, 107, 134, 150 
Conradson Test Method, 80 
Conservation, 19 
Consumption, 2,8 
Contamination hazards, 8, 136 
Contamination r.i products, 105-107, 150 
Continental naval activity, fuel facility of, 165 
Conversion processes, 51-55 
Cooling a fire, 115 
Corrosion, 7, 81, 105 

preventives and preservatives, 7 
Crac:.ed gasoline capacity, 44 
Cracking, 44, 52, 50 
Crude oil capacity^ 43 
Crude oils, 21-38, 42 
Crude petroleum, 4, 21-38, 42 

chemical principles, 21-23 

classification of crude oils, 28-31 

composition of, 28 

distillation of, 47 

hydrocarbon compounds, 23-26 

properties of, 21 

summary of, 26«>28 

U. S. production activity, 3 

yield of, 31 
Cyclobutane, 25 
Cyclopcraffins, 25 
Cyclopropane, 24 
Cylinders, storage tanks, 126 

Defense Research and Engineering, 84 

Defense Standardization Manual, 85 

Dehydrating for reclamation, 108 

Dehydrogonation, 54 

Demand for petroleum products, 18-20 

Deterioration, 8 

Dewaxing, 57 

Diamond bit, 39 

Diesel fuels, 78, 91-94 

Diesel oil, 2 

Dirt In petroleum products, 105 
Distillates, 18 
Distillation, 47 
Distribution of petroleum, 11 
Downgrading of aviation gasolines, 107 
Draft marks* 145 



Drag bit, 39 
Drilling of oil, 37-40 
Dropping point of grease, 82 
Drums, 128, 169-171 

filling, reconditioning, and preservation 
of, 169-171 

storage of, 128 
Dry chemical extinguishers, 118 

Electric currents, safety precautions, 113 
Emulsion, 74 

Engine lubricating oils, 95, 96 
Engler flask, 75 

Equipment and faculties, waterfront 

operations, 171-175 
Ethane, 22 
Exploration, 34-37 
Exploratory drilling, 37 
Explosimeter, 119, 120 
Explosions, 109, 113 

precautions against, 113 
Explosive limits, 110 
Explosive range, 110 
Extinguishing fires, 114-117 
Extreme Pressure Grease Tester, 101 
Eye injuries, 118 

Facilities, 164-167, 171-173 
Faults, 34 

Federal Property and Administrative 

Services act, 69 
Federal Test Method Standard No. 791, 6d 
Filtering for reclamation, 108 
Firefighting equipment, 114-117, 172 
extinguishers, 114-117 
used on tankers, 140 
Fire point, 71 
Fires, 109, 113 

prevention of, 113 
Fixed-roof tanks, 123 
Flame arresters, 118 
Flame screens, 119 
Flammable products, 110 
Flash and fire points, 71 
Fleet oilers, 139 
Floating-roof tanks, 124 
Flow chart tracing crude oil from well to 

finished proAicts, 48 
Flow control equ^ment, 132 
Foam extinguishers, 115 
Fractional distillation, 47-49 
Fractionating towers, 47, 50 
Freezing point, 81 

Fresh-air breathing apparatus used on 
tanker, 149 
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Fresh air hose m^k| 120-122 
Fuel depots, 164-177 

administration of, 167 

at continental naval actlvltv, 165 

auxiliary facilities, 166 

drum filling, 169-171 

gaging operations, 177 

location, 164 

pipelines, 164-168 

pumps, 166 

receiving and issuing, 166 

waste oil, disposal of, 175-177 

water front fuel operations, 171-175 
Fueling at sea, 156-158 
Fuel officer, 167, 173, 174 
Fuel oil, 7, 58, 79, 91-95 

burner, 92 

thermal value of, 79 
Fuels, Inspection of, 168 
Fungicides, 8 

Gager, tank, 167 
Gaging, definition of , 60 

equipment, 173 
Gas absorption, 49 

Gas exhauster installed aboard a tanker, 154 
Gas-freeing, 151 

Gasolines, 18, 55, 76-79, 81, 88-90 
aviation, 86-88 
can, military, 5-gallon, 128 
gum in, 81 

knock characteristics of , 76-78 
Gear lubricants, 7, 98 
Geology, petroleum, 31-37 

geological surveying, 34-37 

geologic timetable. 32 

oil accumulations, 32 

oil structures, 33 

origin of petroleum, 31 

types of rock, 31 
Geophysical method, 36 
Glossary, 178-192 
Gravimeter, 36 
Gravimetric method, 36 
Gravity, 69 

Greases, 7, 58, 82, 98-102 

dropping point, 82 

hibricating, 98-102 

test machine, 99, 100 
Gam formation, 81, 104 

in gasoline and Jet fuels, 81 

in internal combustion engine fuels, 104 

Harbor poUutiou, precautions against, 150 
Hazards in handling petroleum products, 109-118 



Helper, 168 
Hemispheroids, 126 
Hog, 145 

Hose and fittings, 171 
Hose handling equipment, 172 
Hydrafac, 40 
Hydraulic fluids, 7 
Hydrocarbons, 21-26 
compounds, 23-26 
Hydrogen, 21 
Hydrogenation, 54 

*^ 

Identification of packaged products to be 

reclaimed, 107 ' 
Identification of petroleum products, 168 
Igneous rocks, 31 

Ignition characteristics of diesel fuels, 78 
Ignition, safety precautions. 111 
Inhibitors used in aviation fuel, 108 
Innage gage, 60, 61 
Insecticides, 8 

Inspection of petroleum, 155, 156 
Inspection of tankers, 155 
Insulating oils, 7 
Internal combustion engine, 86 
Isobutane, 21 
Isomeration, 54 
Isomeric compound, 21 
Isopentane, 86 

Jet aircraft engines, types of, 91 
Jet fuels, gum in, 6, 18, 81, 90, 118 
safety precautions, 118 

Kerosine, 6, 7, 91, 95 

Knock characteristics of gasolines, 76-78 

Knock value, 87 

Lead, loss of, 104 
Lead poisoning, 117 
Liquefied petroleum gases, 2 
Liquid fuels, 6-8 

synthetic, 19 
Loading tankers, 144-151 

cargo handling and transfer procedures, 
146-151 

contamination, precautions against, 150 
Load line, 144 
Logistics, 8 

Lubricating greases, 98-102 
Lubricating oils, 7, 56, 95-98 

Magnetic method, 36 

Manufacture of petroleum products, 55-59 

Mapping from the air, 35 
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Marine diesel oils, 96 
Material and cost of inspection, 11 
Material specifications, 10 
Measuring and sampling petroleum 
products, 60*68 

gaging, 60 

innage, 61 

sampling, 65«68 

temperature, 63 

volume correction, 64 

water, 61 
Medicinal products, 7 
Metamorphic rocks, 31 
Methane, 22 
Methyl propene, 25, 27 
Microbiological growth, 106 
Military consumption of petroleum, 2, 5-7 
Military gasoline containers, 129 
Military petroleum products, 84-102 

automatic gasolines, 88-90 

aviation gasolines, 86«88 

fuel oUs, 91-95 

Jet fiiels, 90 

kerosine, 95 

lubricating greases, 98-102 
lubricating oils, 95-98 
Qualified Products List.procedure, 85 
specifications, 84 
Military pipelines, 130 

Military Sea Transportation Service, 158-162 
Military specifications, 84-102 
Mill-scale, 105 
Molecule, 21 
Motor gasoline, 88 

Naphthalene, 26, 29 
Naphthenes, 24 

National defense, use of petroleum in, 1-12 
civilian, 1, 2 
logistics, 8-12 

determination of requirements, 9 

distribution, 11 

Petroleimi logistics officer, 8 

procurement, 12 

purchasing, 11 

stock replenishment, 10 
military consumption^ 2, 5-7 

corrosive preventives andpre8ervative8,7 

gear lubricants, 7 

greases, 7 

hydraulic fluids, 7 

liquid ftiels, 6 

lubrication oils, 7 

Navy fuel oil consumption ashore and 
afloat, 1916-1964, 3 



productive capacity in, U. S, , 3 

refining capacity, 4 

relation to civilian consumption, 5 

U. S. trends in, 2 

wartime demands in, 3 
Natural gas, 21 
Naval petroleum reserves, 1 
Neutralization and saponification numbers, 79 
Nuclear energy, 2 

Occurrence of oil, 13 
Octane rating and performance number 
scale, 78 

Offshore pipelines, installation of, 134 

Oil accumulations, 32 

Oil, color of, 80 

Oil resources, 14 

Oil structures, 33 

Olefins, 25 

Operations, 164, 171, 175, 177 
fuel depot, 164 
gaging, 177 

night; cargo transfer, 175 

waterfront, 171 
Operations supervisor, 167 
Organization of fuel supply depots, 167. 
Outage gage, 60 

Oxidation Stability of Aviation Fuels Teat, 81 
Oxidation tests, 80, 81 

Packaged products, 106, 127-129 

contamination water, 106 

storage of, 127-129 
Paraffins, 23 

Paraffin waxes and petroleum, 7 
Penetrometer, 82 
Personnel, fuel depot, 173, 174 
Personnel, ship's; duties of, In waterfront 

operations, 174 
Petrochemicals, 45, 59 
Petroleum, geology of, 31 
Petroleum inspector, 155, 168 
Petroleum logistics, 8 
Petroleum products demand in the 

United States, 2-3, 6, 18-19 
Petroleum products developed by military 

services, 84-102 
Petroleum products, measuring and 

Bampling, 60-68 
Petroleum products, refining, 43-59 
conversion, 51*55 
manufacture of, 55-59 
separation processes, 47-51 
United States refining operations, 
43-47 
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Petroleum products, testing, 69-83 
ash content, 80 
automotive gasolines, 77 
aviation gasolines, 77 
carbon residue, 80 
centrifuge tube, 82, 83 
cetane number, 78 
cloud and pour points, 73 . 
color of an oil, 80 
corrosion, 81 
distillation, 75 
dropping point of grease, 82 
Federal Test Method Standard No. 791, 69 
flash and fire points, 71 
gravity, 69 

gum in gasoline and jet fuels, 81 
index, 72 
list of, 70 

knock characteristics of gasolines, 76-78 
neutralization and ssqponification 

numbers, 79 
oxidation tests, 80 
penetration, 82 

research method of testing gasolines, 77 

sediment and water, 83 

Smoke Point and Smoke Volatility Index, 82 

steam emulsion number, 74 

sulfur compound, 74 

thermal stability of jet fuels, 81 

thermal value of fuel oils, 79 

vapor pressure, 74 

viscosimeters, 71 

viscosity, 71 

Water Separometer Index, 81 
Petroleum resources, 13-20 
conservation, 19 
distillates, 18 
gasoline, 18 

import and export demands, 18 

jet fuels, 18 

occurrence of oil, 13 

production, 15-18 

residual fuels, 18 

synthetic liquid fuels, 19, 20 

used in the United States, 18 
Photographic mapping from the air, 35 
PU)eline data, 169, 170 
Pipeline, identification of products, 168, 169 
Pipeline pumping station, 133 
Pipelines in fuel transportation, 130-135 
Pipeline systems at fuel dqpot, 164-168 
Plumb bob, 61 
Polymerization, 53 
Portable lighting, 119 
Pour point, 73 



Pressure maintenance production, 42 

Pressure storage tanks, 1?' 

Procurement actions by percent of products 

purchased, 12 
Production of petroleum, 31-42 

pressure maintenance production, 42 

production methods, 40-41 
Propylene, 59 

Publications, reference, 192 
Pumping station, pipeline, 133 
Pumps, fuel, 166 
Purchasing petroleum, 11 

Qualified Products List procedure, 85 
Quality Assurance Representatives, 103 
Quality surveillance of fuels and lubricants, 
103-108 

Reciprocating Aircraft Engine Lubricating 
Oil, 97 

Reclamation, procedures for, 105, 176 
Reference list of publications, 192 
Refineries of petroleum products, 4 
Refining, 43-59 

conversion processes, 51-55 

flow chart tracing crude oil from well to 
finished products, 48 
Refining oils, 80 
Reforming, 55 
Refrigeration equipment, 73 
Reid Vapor Method, 75 
Reid Vapor Pressure Test, 88 
Research method of testing gasolines, 77 
Reserves, 14 
Residuum, 58 
Residual fuels, 18 

Respiratory protection, equ^ment for, 120 

Rigs for fueling at sea, 158 

Rock bit, 39 

Rock, types of, 31 

Rotary drilling, 37 

Rotary rig, 37 

Rust, 105 

SAE Viscosity Numbers, 72 
Safety cans for flammable liquids, 119 
Safety devices and equipment, 118 
Safety in handling petroleum products, 9, 

109-122, 149 
Safety in transferring cargo, 149 
Safety specifications, tanker operations, 139 
Safety tools for dock operations, 171 
Sag, 145 
Salt domes, 33 
Samples, 66 
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Sampling petroleum proc^uctSi 65*68 

Saponification! 58 

Saponification numbers » 78 

Say bolt chronometer , CC 

Say bolt Furol Vlscosim^'iteri 72 

Saybolt Universal Vlscojlmeter, 71, 72 

Scalei 105 

Scale condition In a cargo lonki .151 

Sediment and water, 83 

Sedimentary rocks, 31 

Seismic method, 35 

Seismograph, 35 

Separation processes, 47-51 

Shorts originating in electric circuits, 

safety precautions, 113 
Skin injury, 118 

Sligh Oxidation test method, 80 

Smoke Point and Smoke Volatility Index, 82 

Smothering afire, 115 

Soap processing, 58 

Society of Automotive Engineers, 72 

Solvents, 7, 51 

extraction, 51 
Spanwlre rig, 159 
Specifications, military, 85, 86 
Specific gravity, 69 
Spheres (storage tank), 126 
Spheroids (storage tanks), 126 
Spontaneous combustion, 113 
Starving a fire, 115 
Static electricity, 112 
Steam cleaning tanks, 153 
Steam cylinder oils, 97 
Steam emulsion number, 74 
Stills, 47 

Stock replenishment, 10 
Stoke, 71 
Storage, 164 

Storage of petroleum products, 
123-129 
packaged products, 127-129 
surface bulk storage, 123--126 
tanks, 123-126 

underground bulk storage, 126 
Stratigraphic trap, 34 
Stray electric currents, 113 
Stripping system, 142 
Sulfur compound, 74 
Superintenctent, 167 
Supply officer, 167 
Surf ace bulk storage, 123-126 
Synthetic liquid ftiels, 19, 20 

Tail-packing compounds, 7 
Tank barges, 137 



Tank cars, 135 

Tank cleaning and gas freeing, 151-154 
Tankers, 139-163 

characteristics, 139-143 

cleaning and gas-freeing tanks, 151-155 

f irefighting equipment, 140 

fueling at sea, 156-158 

inspection, 155 

loading, 144-151 

cargo handling and transfer procedures, 
146-151 

contamination, precautions against, 
150 

Military Sea Transportation Service, 
158-162 

safety specifications, 139 

transportation requirements, 162, 163 

T2 tanker, 140-146 

types of, 140-144 
Tankgager, 167 
Tank gaging tape, 60 
Tanks, 123-126, 151-155 

cleaning, 151 

inspection, 151, 155 

surface bulk storage, 123^125 
. underground bulk storage, 126 

ventilation of , 154 
Tank trucks, 136 
Technology, 45-47 

Temperature measurement; gaging, 167, 177 
Temperatures of liquid petroleum products, 
63 

Testing petroleum products, 69-83 
Tetraethyl lead, 87 
Tetraethyl, loss of, 104 
Textile machine lubricants, 80 
Thermal cracking, 52, 55 
Thermal stability of jet fuels, 81 
Thermal Stability Test, 81 
Thermal value of fuel oils, 79 
Thermometer for taking tank temperatures, 
63 

Tipping or reducing, 58 

Torque values, water free, 100 

Towers, fractionating, 47-49 

Transfer procedures, 147 

Transportation of petroleum products, 130-138 

Trim, 145 

Trinitrotohiene, 26 

Tr^le-pump pressure-foam generator, 

115, 116 
Tracks, tank, 136 
"nirbo jet engines, 90 
Transportation requirements on tankers. 

162, 163 
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Ullage gage, 60 
Underground bulk storage, 126 
U. S. refining operationSi 43-47 

Vacuum distillatioHi 56 
Valencei 21 
Vapor pressure, 74 
Vapor pressiire test, 88 
Vapors, hazards from, 109, 113 
Vapors, safety precautions, 109 
Vapor t(»cic effect, 117 
Vapotesters, 119 
Viscosimeters, 71, 72 
Viscosity, 71 
Viscosity grades of oil, 97 
VolatUe distillate oil, 94, 95 



Volatile products, safety precautions, 

110, 118 
Volume correction, 64 

Wartime demands for petroleum, 3 
Waste oil, disposal at fuel depots, 

175-177 
Watch inspector, 168 
Water, ballast; disposal of, 176 
Wkter, contamination by, 106 
Water front fuel operations, 171*175 
Water, measurement of, 61 
Water Separometer Index, 81 
Waxes, 58 
Weathering, 104 
Wharf man, 168 
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